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PROBLEM TO BE SOLVED: To provide a simple, readily 
producible and controllable backlash preventing 
apparatus having a few mobile parts. 
SOLUTION: This fishing reel comprises a spool 16 to be 
rotatably bonded to a frame, a sensor 40 bonded to the 
frame, a microprocessor 44 bonded to the sensor and a 
brake mechanism 46 bonded to the frame. The sensor 
generates a spool rotation signal. The microprocessor 
compares spool rotation signals mutually, recognizes a 
peak time having the maximum rotation speed of the 
spool and generates a brake signal after recognition of 
the peak time. The brake mechanism responds to the 
brake force signal from the microprocessor, applies the 
brake force to the spool and reduces the rotation speed 
of the spool. 
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[IfiRJIi ] y}^~2^t. 

gfte^ l^- Afc J: t^fffie;^7--;K7) 5 feiO^ 1 co t cote 
file::' J: t^B<iiexT-;l'^o ^ ^coH 2 Oi> iOtc 

OTiaS[ltip«3tc:ij'^=Sr< b i>mi^mz{m^ix?,'J^-^< t i> 

[ ig*« 4 ] Mlfl:i'^=3r < i: t> 1 oofiSSti latex T- 
/i.-i:III!|g0^y>frie;<.T-;utc^-^§ii, M£iJ'^=S:<fc 

t, 1 -ocr,m.^im^^mmmy\^-j^izf^'k$tLX^^ 
^m^m 3 ie^cT)^^, o o ~,\^, 

[ 5 ] mt^^tc < i: 1 1 ocommg^ttgPWlw 

fffem^e^jKtati. H!il£:i'^'Sr< i: 1 1 o^m^Btitrie^J'- 

-Sid ^ffiStli^*-r& , 3 ^aym^ 0 u - 
A-. 

[ is^^ 6 ] m%m^m.t\iu i o o :t- aj^ittS) 
hm^m 5 ieifci7):fiy^; o u -/u. 
[isjr^7 ] Birie^i'^'Sr< t, 1 
^NSitT-J!).i.f»*3i3iemojyi?o 

il/^Haiev-^ arn-t yVizmmiiziM^^ixfzm^ 

friem+)^#«:xvsw xtj, mfiei^^jy J:t^'B^Ile«me 
mm.3mmmznLxmmmiz^Aizmm-th 
m 1 io^v%jgtaffi*^^>mrfess5*i<fco'wiiemfE#itse 
Mconmzm-&m)}i!)mh^ix^io^m2co(Si\i^ 



[ imm 1 0 ] mtl^^tc < i: 1 1 0(7)«mf£S1±g|I« 
I if 1 1 ] mU'^^j: <bh\ ocosto; i& Htrie^i--^ 

< i: t, 1 •^<7inmm\^mii.z%%mz^-^ Lui^ifi^ 

[ mtm 1 2 ] mti'ji'^x <bhi -^cDrnx b mu^i^-^j: 

< i: i> 1 -:><^mmm^m\b ^mma-zm^ tm^v^ 

1 3 ] mfte^i'^^ < t i> 1 o<?5^ftm!fi{i. 

(cj; OBine^^^^Nv ^'Af^-rt-ri.coii, Kriemi^j^ 
oie»c7),i^iijou-/i'. 

[W*^ 1 4 ] mitrv-^mm^-zx ^ lyiexr-yi.' 
4iemioMii>o 'J -A'. 

miS.xy-jv<;)yv—^j^m^miKmi,zmi^iiX x/mm 
^izmii^-^j:< b i 1 -:><7)iS.mzMLXmimiztM-kt 

^(cmieii'^^< bi>i -:><7)t&mzfitxmmmztk'^t 

gp«co# <r ^pfie^^< biii ocoffititicBfife-t y^a- 
hcom^iz&^\,^xmm'3iz^^Lt5Xx/i^-^^^hn 

msm 1 9 ] fiieru-^afluc J: o By!exr-/i-- 

oyu-^f^ffl^S»?fl<JlcSS^LfectZ/^-a-5rt7)'i.B>ne 

H>ife5^^< b i> 1 oioj£mi7)mmwfi«:®$-^ 

;i S¥S^#tfft*iI 1 4 iem<^^i-J 0 'J ->v. 

I m^m 2 0 ] Mie^^^ < 1 1 1 ocommsmMti , 
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iwm-^ 2 4 ] Btfie^^^ < t i> 1 oiome^itasw 

Billet )^—J:^ii^V^-mi:^y—iV(^ o *>iom2col,iOtc: 

I mmm 3 2 ] mmmm^ii . m:km^&mcrMm<7^ 

L-Cru-^m^Sr%^^^iBmJBli£S4i7)^y^,r) 

[ m^m 3 3 ] Hiitem^i'^AN— b >y^-i^imm^m 



mByi^--i^izm^'^miz^-^^ixfz:^zr-i\.t: . 

miyiy—M,tiXzmti:xy—fi<7)o-h<r>mi<^h<^)iz 

< i: ^ 1 -:>cott«.Wj£fiii: , 

I 3 5 1 B«IEMtit(i*i , ( J{5' 1 0 0 sr- AKIT 

( 3 6 1 mrte^j'^'Sr < i. 1 oco^fE^ttSW 
ti , < i: !> 1 oiomMf£#tt 3 /l^^li X ^ii^^ 
3 5!e«cO:^1;0'J-->K 

mim3 s ] msi.y'u-^mm^mimzim^^ 

[if*3S4 0 ] miyi^-^mm^zx o Mis^^r-zt' 
[it^Ji4 1 ] mi.7cr-i\^<nyv-^mi^wsm 

\zmkii i t/^KM-r ■!> B<rlE#l5(i , mi/yt£ < 1 1 1 o 

$:i«fi^^#S^-irtflf*Jl4 oia®io«iiijo u-zi^. 
C ii^4 2 1 Me^^^ < i: i> 1 -yeomsMm^^^ 

msMmm.tjiiz^simzi)-^m^ iz^^ x x/m^i 

[ li^Ji4 4 ] 'i^mi>zm-:^mU:^y'-fi<om^^^m. 
3iei!4^o^l1>0'J-./i^. 
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msm4 6 1 fnS-^-f aro-t miaxr 

[ii^«4 7 ] frieii'-^< i: i -y<7)^mm^ii. 
4Oiem^,%i*?0'j-;K 

lil^3l4 9 ] ^mS'-^ < i: t, 1 o<7)^e^l4gp$r 
izmM.mzi^-^^ivtz^^r^i^'9t:^tsmim3 4.Wdm 

izm^miz^-^^tiij^-omii'?-^ ^ara-fe -/iffc^ 
e<jSS-&§tU:=^r-\'^N*s^rJ'€:-i5-Olf j^4 3sSM<^^'0 

um.'f'mm^mz^mi^'^^ixx v 5 o letg 

lute 7 1/— A i; KiiexT— /I CO ^ *>i7)|g 2<r>i, COliZ^^ 

mixy'-j[.(omm-msMmmfmmi>z^m-t^M. 



I msm 5 4 ] Huf e>^^ < 1 1 1 oco^ (Ezsttai^ 

[ ii«ja 5 6 ] mimmmf&mma-^^ 9 a^'-o-t 
[ 5 7 1 mL^mmmmtmty^ ^- h 

EpjiiLT . im^tix\>~^:^mizmmxy°~ji'cr>m^im 

■f}'-^m§ixr-/i-(r)mm^^mmm&z:mn^^ tm.<' 

If ^ 5 8 amojini^ 0 0 -/I: 

■mmxy-)v<r>misM^^m-mmmmnt:n^-fhx 
^^w^m^m±^itm lx . mExy-ji-^^m^m&f^ 
yu-^-h ^ms.xy-Mz\^-9W^m\.z'emthx 

r--/yt^mx.h1jT^. 

imsme 2 ] yu-^iiimiix^r-fuzmB-t^ 
Buiexr y yu. mBxy-ii'<D^mms.ti^i&mt^iz 

-^tiMkrt^>yi^-^ti^mixy-fHzmfiit^xf 

td.y v—M.iiXT/miixy—ficD 0 ib<r>m l cotc^Hz^ 
■^^fitim^^^-t^{}'-^< t h 1 ooJKSt . md.y 

1/- A J5 J; V^mZX y-)Vff) 0 *> CO^ 2 t COt^^P^ 

^.t) ^imxy~Mzmvth-md.xy-y r\i. 
mti:p-t£< t i> 1 -ocr)mmT:m\tuni:mmmmzm 
^mz^'^tixy' -y y^^timMme 1 im<r>ijm. 
im^me 4 ] ^^-xy- ^ y^'omkb^h^Wr'c x^ 
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6 4ieifc<7):er;£, 

[ f»*3l 6 7 ] mmMd 0 U , y\^-i^t. m 

127 1. — iyHtriex^— /u-iod ^c7)^>^< >: i 
1 !e«4^j:^s... 

^Otcm^rtT-tS^ $ii3!)*oSiJ«r5ri|:5rffi«:ffi€-%-r 
T'l' - ^ ^1 l?l£7^ 7 -A C EPJp-t § Kl IfiJ^ X y 7*(4 . 

>'^v^xl|i^p$^^/^ilJ^fi■f■$•Huiem:^34^ftT>'^Mx 

[00 0 1 J 
10002] 



h.. 7 -/v'iii, h*/::{i:/lT-t5j;l/l-fO 
[00031 )<^-, 7 7 y >• J. trBS±-^S>ta6<?5a<rO^ 

S:X7 -;KcE|j.Sn L T , y.r—)Vcnim^^X'(Sy^y"—)V 
y-Mzy i- -=3f mm ^S-jf lt v>i, , j^^^mv 7' 

Itf-i.. 7'b-df(cmfflt-i.^'D*{i, T'b-Jf-^^trfii 
[0004] fis^r^mi^-i.7'1. -=¥^^f{i. iismiK-r 

yv-x.):. liz^-^'^tx.tzmsi LT v ^SMMSPW^f L 

-c, x7--;ui7)i5iiE^a<-r^-;,a^s[^i)S-^^, 

[0005] 

[^HB*i«li?;LJ: 7 -1.1811] M:S-0:^'-f rcT)^^- 

^wm,moim'Fj^.^{,'>x\^h, ^ift^^ffloT^ 

/?--PaAtt**(£v\ ^'D:^J^ffl«<^-&7'V-=Sf^^(4, 

^:hixy°-fi-izma-r^. ^(omM. rmcofzi^m'O 

[00061 vm<7)^<yi^y'yi^^im±-thmi±. 
y'v—^t) i:xT-mzmn-t^<^^ t # tm.^'thfzib 

't^:h'kmmLxmmt.tzkm^y'u-^<r>\^^i}^^^ 
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(6) 

[ 0 0 0 7 1 fi^i: LT . m<r>rs'v 9 ^ y i^^^mift 
. (5iJ/:{S\ ^<7) J: o N' "/ ^ ^ -v V i ^|36±f- S 1 

4) . -c-f ) J; :> 'Srv < •/ 9yy jLmjiMm.li:^y-/i-<r>y 
i7) J; '3 /ir/ < v ^' 5 •/ > i|>Sit^B{4 . m.<OXo 

I 0 0 0 S 1 S'Ji7):J'-< Tcr>.>< >y iHSit^g^. 

vm-th . $ ^ rwN-y 5 •/ v-iKih^a 

it^^M^X'$)i>. 

[0009] ^(T^mMk. -^m^&>i)^$)h t LT t^J'-^l^ 

L^^-ommX-mtti i T/mmit^m!,X'f> t/^ >y ^^yi^ 
100 1 0] 

my V'-Mzwm.-^mzm^^ixfzxr-)v. «my v 
{4. ^^f,zm-i>xy-i\^(r>m^^m.-txy-)vmsim 

n^^±^hkom^^ixXv^h, V-f ^OTO-fe-y-^ 
{4, xr-;nai|6fl-^|Hl±^Jt«L.T. xr-)V-b^m:k 

^. yv—^mm±, -7^7c?rn-t-y-tj&»(^:>coru- 

-)V'<r>^mim<^hk'jmm.^ixx^^h. 
1 0 0 1 1 J ^^^(^'mK^mmizm-iX. 9ar 

y'-iic^mm-rh^mmm^m^xT-ji^mmm^izm 



nm^l 1-332436 

[00 1 2] *||BJc7)|g2i7)^HtZ«6^T. T'P-Jfli 
fl|{4. yi'-2^iiJ:l/xy°-Hcr>'jiyiOmi<7)h<DI,zm 

i^iiXx/x y~)V(n d -hcrtm 2 t $ ixtz 'y^j: 
1 oco«mfE#«gP1^«4fiS^rf*9iCii'^=5r< b t gp^^egtcfi 

g A Big -1)7^*6, mtiytcK b h 1 OiOig 

mxM&s^mmmMcrf^^^mfhfzib^mitx'hh 

Zbtmt Hineii'^^< b i l -PC7)^5{4. xr- 
i: J^KHJlE-r rzibxy-Mzl^'^ $ , llrieii'-'Sr < 
bhl ocom^e#14gPW47 L- -Atc^^^ixTt >|. 

mm^miimmz^^^tifzy^j:< b i>i-:><Dm%wm. 
^^mbcomKizn^hmmijmi^^ixhx o^j:tmm 
4. 1 -^<mm^m§i:i'-'^j:< bti ocom^rs^ttgpwc 

by^< bi.1 -zx^m^mma^tib ^mmmz^-^ l 

Di/S/d4^W:rU -y ^'^lS^«$,SV^{4-e^l.^>^0ffl-^ 
hfzibm^^f^txh, 

[0013] ^mncr>m3<r>mmizu^x , mi'jkiv- 

^zi^:^i5XV^m^i-ttiib<0^^^-ttf, -^co^mti. 
miy^j:< bi,l oc7)Js:Ei; mfB^i'^^r< b i> 1 -^cr>m% 

Bm^mttbcomi&immthfzibcri^m^^ts. §4> 
tc. B()ieiJ'^^< bi>i -ycr,mmm&.^Ui±. m^p^^z 
im^txfz^WL<7)mmer>mss.imii.mtf^mx.h<r>i)m 
iL<, ^LxxT-j\.(7)y]y-^i:m^mi,zm±iiX 

^ ^mny^K bi>i -:><^mmzmm'}i,zi3>-ym'i 

m^un<^^^ ^m^ i^zsmy^^ <bi,i -:>comrLi>zm 

-e LX xy-)i'<r,yv-^^mm'^^zm±i5XxfiSi 

mth fzi^c^mii^mi. %m ^ txtz^it-^ h mnns: 

xr->v(7yy\y~i>ir^m±iiiiUimthfz)f><7mm^ 
©{4, vub 0 \,zfwx^^m^tLtzmwm&^^-^^ 

Wy'fU xi<zim:-thtz>sbcr>^fk^mtX i> Xvk mj] 
^^f!^-rV<^a{4, Vy>'JX^i:^x.h(r)i)mt L 
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[0014] *:^BJ<7)||4<7)^[at::M-:>T, -tV'-yU. 

[0015] 3^^Bjcom5<7j^®tgE-5-c. mm:}'-^< 

t i> 1 -:>(r>^mimftMmi'M'^< 1 1 1 -:><7)^%Bm 

^.'•ci- .^ji. 'M^^<t i.^^mzmi'^^m^^mzi^mt 

[0 0 1 6] *s&BH{±ij"o, ^L— m$.yv—Mz 

yu-2.by^y°- no-) oib<^mi<ni,<r) izm^ § itfzm. 
Tr^^-th'yti:< 1 4, 1 -y<7)mp6t . ^rrf^x-yi—j^ 

>ixr~)i<r)oib<om2ff:>L<r){,zf^-^^fU:z'y^j:<^ 1 1 

^tf . m^emcifi. Btiie:!'^^< 1 4> i oo?^^^ Me 

& J: '} JSrSeiffiSr^r-r-S . Mieii'^^< 1 1 1 oiom^fe 

[0017] *MBfl<0|!Bi=5r^ffilc|^E-> T . 0 D - 

ti. y-}y-^mmi:m9imzmrthfzib<r>ms5.^WL 
\±. B«^-=5r< t 4, 1 O£0«^fE#ttgp*J^Hifieii'-'=5:< 
fct 1 -:><rmK{.zmmi\,z^'^LiiXX/t&^im^tzit> 

[0 0 18] *ifeBBc7)ii2c7)»ji^^Ht=M-5r, mj 
^< fc 1 1 -y<mpa>i<rfm)i^m^-tht:M^n.^% 
m^&'imnzmtRmiz^^-ym^ ^zm-^Lnxx/m^^m 



[0019] ^I^BB^T^SgSOiSgTi^^tBtCgoT . 

m%Bm^mi<^^^ ^m^ izmmmmz-ty*rti^(> 

<r>m^izm-:^K^xmm^izm^-t^j:om^$tLX^^ 

ntiw -^^ -^uy-u-t-y^iittz. sckmrnt^mn 

{±s^>fc. :^y-f\^(r>im^ixfz^m:mmi:m^mmz 
!m ixmMcom^&m^n^m^&mtfUz^i-^ 
x-jw^^tixv^h. 

[0020] 3|s:^Bj<73ig4 crmm^mm^z^^x . 
•9 'J -Mi , atnei!'^^ < 1 1 -:><o^mmnmtizm, 

^l>z^■^^i^fz^^'J'<i^:}^i■^t^, ^<n^^>^ly^ 

[002 1)*^m4:^v:. yV-M.. m.yv-Mz 
^m^m},z^^^fvtz7.y-)V . yi^-j^txT-zi-cD 

0 ib<7)m 1 <Dij<7)^z^^^ixrz'j^-^<t i> 1 -y<rmG. 
y ix- A i: j:^T— ;t-<0 o hcom 2 <Oij<r)iiZl^'^^nrz'J'^ 

1 '0(7)mM,imi±umizmm}izi^'^$ixrzm^mmf& 

Wm^-ktiMM^K) •J-/Kctii*]$ixTV'>i,. XT-AO 

iaiE{±, m%^^mmizi^m-t^. Mm o-mh 
tz. ms^-^<tt i-:x7)'mmKmitmnz^mnzi^ 
^^tifzwn'fyu y^i:-tts<7)timti^\ Km^mm 
mm^zax^x , mmm^wmii-^^ ^ nr u-b y-*?- ^ 

[0022] ■immit.fz. h^rXT^ ^ >^ffl^ 
iljO u-yucDXT— /WA>^>i?y<.-< ht/ifi/ur— o^-v 

[0023] *^BJiO:^S<7)— 0^7)^f®:^^MC^ig-:> 
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[00241 *^Bflc7):^cr)giJ(7)Jif jg^-^St'^aloT , 
[0025] 

m'^O 'J— ;n 0{i, h^^XT^^ y^m')— 

2, \^vym^2Ai5Xlf^'y-/^2e^^tS. yV 
-;H OcOS0«OffiJ«S«iO#^^^-r-2., 

'oix^ t ij-X'^ -i. J: 3 tc. U'-A 1 4 Ji. 
■Civ*. 

[0026] 1 6«. a^Batt-f* 0.71^- 

A 1 4(c:|H]fe^lfgtc^^$ixTi< xr-;n 6{i, 
71. -A 1 4<7)*t|*j^SM«|iDSTIlIIS«r*gtC^$ 
ft. '^-iO/llS^^L'— Al 4<7)M[S]f 'I.M(B!l<7)raiC;®?tf 

r-;H 6{iilj0^2rfiJt-ri.i5fll^$ii. -^iOitfO 

[0027] ^ii^ K 1 S{i 'J -/l- 1 0 (TM^^Z-^-^ 

K 1 S{±, 71— A 1 A<:r,—-:}jcr)mi)^tom-^cr)m(>zx 
y-iV 1 6 <0tllfe4'A»o«t) 0 *?i7)l5liR4'amilI6 L . i>> 
0 *:5r X7 -/l- 1 6 co^itij^: 0 J^tc^J-K-T , 

[0028] XT-;HEi!)^l5 (H^^-lirt') {4. jlSIBt 
^X'h 0 , X7 1 6 . V 1 saxu-p "yyp 

■ Ax>- K/l. 2 2<7)^tc|if^artgicj£-^$ilTv xr 

^ N >- H /I 2 2 J: 0 Wli § ^1 -& i: . x-r-)Vmm 
^mt. XT-il 1 6arlH]lfe$-ti-, ^:^'-( H 1 8*:®^ 
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c 0 0 2 9 ] H 7 ^^*P5 ( m^i') it. mmmaxh 
0. xy-A ieizmrp^miztM-^^ixx^^^. 

^mi, ^ 7 7^2 63&^'f^-^§iX^ t g:il^C0gl«l<7)g 

^Txr-yn 6<7)|HllEi:, 7>r-;n 6*»Ji<o$l;o* 

[0030] :77'/^26t4, a^BEftJ-CfcO. X7-- 

;H 6 i: , XT-;l.«#^4o i 1/ F 7 9'^n.(m.-nh 
coratWf^^tgtfe^^flS . 7 •yf-2 6{4i? 7 
• W^— 3 OS:^;^*^. -ei^^'7-y^- L-vn'— 3 0{i^5 
■y^2 6i:<M^ti/::-?-<Oi^-^S-«l<. ^^•y^2e-ffi 

xr-zn 6mfP^Sg(;r^^§ii^. -eoi^m. J^y 
¥)V2 2<r>mw,i. xr~)V\e^mu^-t. itjO^Sr 

Is^iKb-ti-I^O^SrScai-ri.. ^7-y^- lx/\'-30O 
ffLTmi, ^7v^2 6tc7)f^^*Sft', xy-iv\ 
6 <7)XT~timm^f5.ii ±1^ H 7 

3£:firt6]tlHllgLr. ^-^Xt^^ y y'^<7)J:'jl,zmK>^z: 

X7-;H 6{4. <^ hi/^{4;t^r-lo 

mx-^izmmth, ^:n^i:^^'•y^7•y£/A$•t>-^^^^> 

-r, 

[003 1] ^^$ixS t-t<iZ. /N' y ^ y i^i|5&± 

XT— A'l 6cOlll^^ji< L/'N>y^7 yi^j2-$r|36ifc 
-fl., >'^'•y ^'7yi^j.|»eil:i/X7^Al 2{i, ^'7yf-- 
I^VN'- 3 0 lCi^$n^>:)l?SglSl<Ofi^W* ^vTli^Slfl^l 
x^ yf- (a^-T) (c:iOi?7 y^ • WN'— SOcoff 
LTff ±> J:l^i7 7 -y ^ 2 6«0M^O)l¥I^T-r<'t2{^$ 
LV\ y V >y j-E&ihi'T.T-A. 1 2 

(i , 7 y ^ 2 6 (Tym^-^X-^K-lz^muz $tih. it 
mttX. >'<v^7 yi'^RSih>'XxAl 2*4, ffeiO^J 

it^WmiZ^tlXX^K ><-y^7 yv-iR&iv-XrAl 
2(4, >'< y:7 7"/£^jLSr|JSjtL, ^YL"r€.=^f A-Xr > 

y^mz^mmzm-^L. i}--:>^^'X7'^yyim^m 

[0032] l2l2{4^Ny;?7>y>'-i|56±>-XT^Al 2$: 
^7 y>-j.|5eih>'X7^Al 2{4, — ISfi^tC, ■fc>'-f4 

0, •7-^^arD-fe y-9-4 4. yu-^mm4 6. X:t. 

4 0{4, X7'-/l. l ecrMm^t^mtt^'oi^mzM-t^ 
xr-;n 6<^[5I!|&^^f-«^^^±-r^J: dSEH^ii 
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-t>•■^^4 0(i. XT~il 1 6 tf^iZ^m^^tHsbXT- 

n i 6 t:^^$n^-:i'^^< i; i ocr)^®cs56 o t , 

1 bcOHigfi. {S56 0{:J; 0-^4. 

10 0 3 3} ft#fc LT. -b>-^4 0{i:fl!5COjf|*ai7)^^jn 

mm^m^^^mmmtrnzm^^'^ix. ^comm'o 
mm.mimrr<7m-iuzfm tx^-ft l . ^mzj: o 
izn-thxy->i'i ecrfm^^m-timim^mmm 

<^^iti:^m-t?>ZtizJ:f)^^ixi>, ZtH^liitib 

[0 0 341 V-f:7aTa-fev^f4 4*J:. 'J— vH 01^ 
tSit$ti.*>o-t>~9-4 0iiJ:tfyu-df^li4 6tC«) 

:J'aro-t y-<f4 4{±. •fe:^i^4 07&»^<7)fi^(cX'^V% 
-C7V-^I1^4 6S-f^-r^. -e-f orn-t v-9-4 

^fi V >f ^ or O -t y • ^ y r^T/tC |5l t (1 <r 

Srm^iT'* /^{4M^*)-frT'-¥-i. hm<rM'm<r>immmz 

<7t:af), v>f :?ora-t:.y-9-4 4{4, ^MsSf±SU«6 
6 OMffiiJO'J - H^(C{JJ2' 1 MQ<5D;«c§ ^aSDiffiSrW-T 

7-a-t .y-9-4 4 {4ffi*i;iC-ffail>m8£cOV NVl^X* ^VY 
■th, :(r^>h^i><0^mW,iz-ti>tiib. -e^f^aru 

m^m^ifZ^m-r^ mm. n-ny^y^^i^'^n^ 

ms) , v-f ^ora-fe y'«?-4 4{J:. FJr^cOBtl^lillSf 

fc-b >'t^ 4 0 «^ 4. ffiJSi^M^iac^ttK ^>ii/i^^ic^J.' ^• 
yl-X $r b L . If ^OB^^r8lPS4'^0.XT-/l 1 6 O 



(9) ^^¥1 1-3 3 24 3.6 

tLXm<ti)f>^ ^-f ^'^7•a^^•y^?■4 4(i. #B#|l!r^ 

Lr xy-fi 1 6i7)(HllEil^^!21i* /ctiieil-t 
-1.. \m^>iLxm<rz>i:>. -7-< if orn-t •ytf4 4 
{4, #jSiEcOB#^ra|ii4'<^>!.r-.;H 6<7)l£li|fejtS5rit 
KLT. ^^XT->(yy^<r)XV~i\/l€)<7yB±W&m 

■i.t-^^^^M^iJ^^. XA ■v^tLxm<rzi^. -7 
^^DrD-fc>y-9-4 4{4, ^S'J$ii^ct-^B# 

o'v >-C7'l- -^a^4 6^ f^l!j-r'?., v-^ i?ara-b y 

-9-4 4{4*fc, xy-fi 1 ecom^'i^ixfz&i^m^mm 
^zm^^^xy^y-^^m4 6^im■t^. nm^j:mtm 

mtZi5\,^X, 'V-f^'nro-ty1f4 4{4, y^-=3f^lf 

i locOii^BKDiOll#cm».X>f >y^r^tf. L 
T . vy ^' 7 y V- o-ISSihi^Xx-i. 1 2 (4$ A. fcM^W-^ 
>yf-Sr^y>#T, ^(7)mmx-{ y^tiv-^ ^^ora 
v-^4 4t:J; Om^e^ttf-^lft^ix. <!K^^X'yv—^m. 
tS4 bSr^fftt"'?.., -7-^' i?n7°a-fc: y-if4 4(4^(l^<^ 

^'l^2rr^-=>r^«4 6 Srft»-r^& t # 
7t*6cD«^i: LXmm^&(^X\ ^ nr D-b •y9-4 
4{4, 'm.'ti>^^XT'4V'!^^Wii\mm^9ml,z 

m^^ixfz'mmi^izvt-yxyv-^miA e^-mt 

[003 5] 7V-=^^tg4 6^fWfi.tCjPi.T, V 
-^^ara-fe>y^f4 4{4i3t. ^^x^^yyt^<7)xy 
-;n 6<^«:»;ig«stc«c^v^-ryp-=¥S^4 6ic 
J: 0A7-yn 6(cEnjo$ixS7V-^,tiio*^finai-r 
I,, j^tc, v-f ^Qro-t y-tf4 4(4. ru—^mm4 
61ZX *)^^ixtiy'i^~^:^<r>Mt:mm^mizm±t5 
xu&m-^. ^<7)^^^ yi^-^mm4eizi'oxy' 
— ;n 6(cepjD$ns7V-^o^-f 5 > '^'Mt^tcms 
{4. ^a-xt^ yi/mmz:m±i,z-th-:fj^'!. v9v -/ s-- 

[0 03 6] 7V-dr^m4 6{4, :?D7-a-b -y^ 

4 4 *»^,co7'^-df fi-f-tcjc^ LT yv-^-htixy- 

)\ \ 6tc:EPilPL., xr-;H 60IIIg$-a<-ri., Wv^ 
^tx:tzmLjmiZii\^X . 7'1— =^ra«l4 6(4, 
0. «Mfs^ttgP«6 6. 68. 70. 7 2. 74. 7 
6. 7 8i3J:t/S0. mM&'5ffi^5^8 4jQJ;t^'^^/^°^:?' 
8 6^-&t?, B?3^L/-J;3tC. JK56 0{4. ;?>r-/H 
6 )i^\,zW^'fhtdhxy-)V 1 6 

ti4 6*3j;tf-b>-tf 4 0£0-a3fc LTfiJffl§fL-S>?a^P^ 

4 0t5j:tX7'U-df1ifll4 6<?)/i*^i^tClStt'?>ix-Ci 

[0037] «^g#egPW6 6 - 8 0{4. mSvg^fi 
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t^ZtlZj:^ X T-fl 1 6 iofiip^tg-e*^ 

» * t^K mm:m\mme e -s otifisse o<7)^ffl 

ti , Lx.miaeo i}-m^mmmmti 6 e - s o 

[0038] ffiliiS 4{i, «^fe^ttSP«6 6 - 8 OCO 

m 1 (^i^ii-t-?^ :5'aro-t y^f 4 4 b co^fcm^fi^tc 

{i. v>f orn-b y 1^4 4 A^m^e^ttiaiwe 6 - s 

0 ?rlS<?{C»tn;S 4 c^M2cr,f^^izmSmi>Z^'^-r^ b 
t . 1^56 0 Jo J:l>'mmg#ttgi5t*6 6 -S GiOfflWS 
t!l3&'''h$<^V^ ( n o n — d em i n i mu s ) :f}liZj: 

J5i8 4 {imme^ttSCW 6 6-80 i7)M^ratC+5i-^ft 
w^^fiitL. ^ix{cJ;0«mfE^ttlfW6 6-SO{iiS 

*lJlOO:t-AmTi7)m^fl<jS6til?:*-r?.<:^*««F 

rrmztm^ii^--ym.tji8 a <nm^mi.zm^mi<zm^^ 
i-Ltzm,mm^mn(^mm±^tLh\.z-:>ix^ yu-^ 

mHA 6A»xr-;H 6cOB!f£S'|^Wt=jl4.-lJ:i^{i 
mifhcri^simiz $-t!-^'tm« =5: ^> ^ffitit 8 4 

6(r>mm^. ^mtfcim^^mMtrcii:^^yhvx 

m (ii^MQ) j: 

[0039] 7'u-dfMfli4 etiMfcio^^fs^-saitJ 

6 6-SO&-t-t?iOT'. 7V-^Sffl4 6tJ:'9^4§ 
it*>oxr— 1 6<7D0lECj£<i>oTeijD$it'S. 7V— 

^^it. xy-fui eizma^tL^yu-^tKTym^m 

m'1ti-^t:ib^^-tfam^^m:ktt:ii4^-*fx:imtzmm$ 

iim, $<o(c, 7u~^ii^m4 6i>zxo^^^ti^r 

6 6 -8 0S:igtJi84<^MiS^tcStKe^tC«S-^LiD ilA 

u~ ^fi^4 6{i. 1 eizmnu^ix^yi^-^ 
uzj^m^tiii^-oMm^ti^cn^simiz-ti-. 
<. j:*)§'«^x^-x^m\'^^Lxmm^^K>mi 



[0040] ru-^mm46i±^ v^f^ora-t y-^- 

4 4 izx OSits 4<?:)MSffiSt:«l«a*ifc*^oli vicmm 
mzm'^^ti7'u-^mm4 6izj:<r)xy'-)i i 6 ten 

<^^n,Bm&^ti6 6-80 Sr-^tf i: d {:ia5^$fl-CV^ 

7'u-df«M4 6t:J:0EPJn§n€.7'i'-^:^3^ 

mtis. m%&m^^n6 e-so ^mn:8 4<7)m^fs 
izm^izU'^i,iiXx/ts-^^G}^xri^-^mm4 eco 

yu-^tfi:m:kSXX/i&mi-i>ith'Oiz^ v^^or 
D-b-/-f4 4{J:, ft^tLT, 1&tn.S4<DmmffmtjLm 

OizX<0^^^tl^r]^-^:)ji:m±LXJ:\>\ mt 
li. ffitji8 4{i. tm-tLX^ v-f i7aru-t:"/-^4 4 
tcM-^$ S oSiitia^TJ^tfT- i^i^ 3 -X — ^' * /sTti h 

•y 1?-4 4 {4 h ^ y i^'X ^iOffitafflSrSJfP-r^ . § 'i>{CS"J 
LT. ffiJn:8 4{4, 'ft©^: tT, ^SfcoHSilO 
fitiSrM;tTJ:<, ^C{CtJ>,^TV-f ^DrD-b y-9-4 
4{4. ^e?*tt^«6 6-8 0^. JzO'hS^-Wffl 

i>-ymA(^m^mz^&^ Lxriy-^:h^m±t?> 

^-df:*2rffiM-r^*^ «me#ttliP«6 6-8 0^J; 
mzkt^ i]^ . tl^feSttaiW 66-80&J:0 #S^c7)g 

[0041] igtn;8 4 tiai^tfommemtJti: 

(i^) 2rii;t#^, ^Utf, fifit84{i. imtLX 

mt^^ ^- Hoi o ^mmm^<7>-mx'h'yxx 

-i i?nTn-fe -y-^4 4 J; 0 f^$^^«^^S»1^gE«6 
6 - 8 OtfO a *>i7)ii.-^ < i: i 1 -^Sr-e^O^fl^jgiiaiOP^ 

i^iz^mzi^-^-t^t^, xy-n i ecomm<r>m 
iz^^^-t^, 

[0042] ^-r.^^•i/:?86{4. &mS4b3Emzm% 

mizmm^tifzmm^^<7)^^^-<i'':^ ^^th. ^^^^ 

i^:?8 6{4«SEcOU-:?*^(J:«4>r^^it^^l., 7 

-/I. <7) a *> £7)^ 1 ^7) t COt^lS-^ § tLTt < t i 1 0<?) 
mst. mrrf>^X'y\^~J^iiXX/XT~il'CO0-h<D^2 

t . H>rie>^^< 1 -ocom^iSimitumz^-^^tifz 

^iTi-»^*>\ yu-=^a=«4 6{4, rmtLx. mmm 
m^mtKtfji^'kiztm txxy-nie <r>mmzyv - 

fzm^<7)mmzici-thmmi>ztm ix xy-fi- lecom 
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[0043] XT—Jl 1 6 izyu-^itm^s.i^t<^jiz 

6 cox :t-/l. dt^ar^Me^JX:?.;!^^? L , -^fOUMWx 

'"otl^, ■:'i^ j-^±>X'rJ^l 2i± 

$^>t:. x^.;WJf SW±3J:l>W^igS^4 8^-^0. x^. 

s(i, mmsm^^ti 6 8- 8 ofum^^ix^^i^i: 

y <v 8 9l±, ^^6<>x^;U^Sr^ L . -5- LTWffllS 

4 4 . «mgCn°p5 0 . mmm5 2tiJ:V^^^ yy'>J 5 6 1 

-7^ ;7nra-fe"/-^4 4{i, 7V-^^«4 6tcJ: 0^ 
±$n^x;t^;|.^tcJ;i5*&^$n-S., $iJ»SI5 2{i:. 
^-T-zlSOC 1 9 6<7)J;a^7*o-b-y-9- ■ f-vrSrMx. 

iOAWi L < , ^ LTm«a5n°o5 0 ^$ijffli-rs-:^mm 

3?n°a5 0^7-U-^am6, ^A-^^i^^J' 8 9 ti it^A 

[0044] mm^n°p 5 o{i. 1^ 0 A(c«:»e^^^^-^ 
;e. hmco^y^ :t- k ( l e d ) ^mt&<Di)m^ 

5 2{i. ®Jffli;^-f -/^(nimnzXhXo iz. itrOAtci 

tf^, T-f y^;U*IPSI5 2{±. 
MSBiPoSO^MffllLT, ■7^i?arn-fc«-/Hf4 4*»<i,S 

imhixfzmmzm^\'^x . zrv-^mm4 6\.zi: o;^ 

O^Wj^J±. n^U^ 5 0 co^^-'f ^- Y^msi 
miJ^'om^l.zim^hv' ^ y:?A*Jffll||5 2t:i: 0^b£ 

[0045] m=f-U^ 5 0<i, Yt#i: LT|5|«^(llic7)m 

Lx. f^=J9)i-mm^5 2<,z^^^tL, 

ra-t •/-9-4 4 1 J; D tt^$ixA»o-^i. htih J: 5 ^it 
.^§<x/iSEg|OJ: ^ ^tifg^T" -f iy'S^Mzm^-t^> J: ^ 
^^$ii/::?KfBT^^ri'-f (LCD) *(ix-CJ;i.^. 
VrF^ffu 5 0\i^-fz.m'^'^ ff'C 'J 1 0 argBB^-r S 

7-o-b ■y^4 4i3j;T/5 2\i'^V-^W^A 6{C i 0^ 

Bg$iIl.x^Vl=^tCj; 0^^=&< t i^^Ttrnzt^n^ixh 

[0 0 4 6] /N'/T-'J 5 6{i. V-f :707'n-t y-»f 4 4 



•/T-U 5 6(4, Wm<^^^rXy^^ yy^ t/::{J:x^;i=^ 
S«±3 j:T/tt$^[HlSS4 Si^{c^$n;tx^^;W=SrW+ 
^-T\t)^i:SSiJ1«S4 4i3J:U'5 OtcJ^m^l., ^^^-vr 

'J 5 6(4, yv—^mm4(>i<z%%mi<z^-^^ixxy.^h 

[0047] 03*3.}: V|14*4§ /btZ.'^/ 7 v j-'^K 
jh>;^T^i.l 2S-|3^-r^. 03J4, ^3-3tCf{JoT 

4 tcvfa' T ^T'c 'J 1 0 cTimmmxh . h 3 i 

1214 J: 0 «^lc;5i^ § ii|> i 9 {c . y <>y^^ -y i-- jlKjJ: 
i^;^T-Ai2{4, 'J-;n OfO— :6-<0{||tc?a-:.T3a*$ 

ixX\^^. ^tC. l6S56 0{4X7°-./H 6<50Wc7)ffitc5X 

0 ^:>il - -:&-fe > 4 0 <r)m.%irMWi^ 6 6 J: 

tA'ri.— =5f^«4 6ome^ttgBW6 8, 70,7 

2, 74. 76, 7 8t>J:l^SOt4lK^f6 0cO^*>OtC 
R)^:6-(^t::MraL3t7U~Al 4l;^-^$fLT«.^§o m 
^S#1tg?$J66, 68, 70, 72, 74, 76, 7 
8i>J:t;f8 0{4, JK56OC0ii50{C7^-Al 4fcJ; 
*)^^ixfz^^^^>{ iV^^z.^<r)ifi1t^t. 
MMBm^miee-80cr>^^\±. -V^^ora-tr y 
-9-4 4tC'S^e^#:9 OfcJ: 0«^e^t^§ilTt.^ 
So -7^^'n7'0-t.yH:)-4 4, r i^*:?/l^ffllS5 2, 

V ^T'|llf5'+:- H 9 2 J: 0 0 2 tci^^iXT V ^ S J: o icffl 

mzmm'^i^^-^^ix^ -ecomif&Ji-:- f 9 2 {47 p-^x 

3&iT#-&J:3l3, m2f,Z7rs^ixX\^hmmtm)y4T 
i5Xxmmt:^LXX\\ 

[0048] $4.tcll3tJ4:l>'ll4{;^$tL^J:3tc, 
r< y ^ y y >'^m±i^X7-J^ 1 2 {4$ fbIC, rU— 

1S4 6 m: 0EPJn$ixS7'l.-^:^)£D#»ili|SS:^|g{c: 

•f-htzif><7)^wmm^m9e^^tt. #»i«E«s«9 6 

14, — ^<}{c^-r 'J r • K 1 0 0 , 10 2, 

=^a'';tio4, y7"i7t{4y'f t/h 06, '^t'J/ 
^^1 0 8ioJ;U'i'— ;H 1 OSr-t-tjr. ll4(c*^t:S^$ 
ixSi^tc;, ^^UT-^'^f HI 0 0{4, — iSiWt7V 
-A 1 4 {cli^S 1 0 2 J: 0 IZ 0 #(t 'bilT'^Jl^ 'J y 

yx:hh. =3f^'JT • HI 0 0(4, =^^'jri 04 

SrlROffl-^, 2o<7)(6i^^-:.;^:|^(iatc5§aiL7t^-l 1 
[ 0 0 4 9 ] ^-v 'J r 1 OA\m^^-iim 1 1 6 

tj—m^zwik'm.cntm^xh o , ^cr^^u^-m i 

1 6(4^-v'JT • ;<7>f Y\ OOcO^-1 14i:*-^^d 
J; 5 {-•5-ix$r^{t7Jx- =^A' 'J Tl 0 4c7)jli6^^^riSl 
T'e556 0 <ryyi^-^tz\t^ixt^hmxh J: d (c^i^^ 
S, =^^'JT1 0 4(4$/b{c, -ecoi^lByRi^Mt^&'-jJ'^: 
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m^.<7)9m^zm^^t 4, i: o ih«> 1 1 s , ^ i tx^hgp^ 

iiLSB^l 2 0Sr-i-tf. t h' 1 1 Sti. ^-vVT 

. 0 , 0i7)lS^rf*Itcm5vg^14gPW6 6 . 6 8. 7 

0. 7 2, 74, 76, 7 8*>J:i;fS0^IR^Lli^-r 

1. J: ^ mMmM\mme 6 - s oii. u n o 

Tiin J'hSPifeiiLgp^l 2 OJi. r-^TyH0 6i:*: 
ra<?3^ 0 'C'rJ^'f TA 10 6 t^lcE^E-f ^ « 

[00 5 01 y^riv\oei,i. m^Xi,zXhm^<7^tz 

)V 1 0 6{±, rtPJTL 12 2. U 1 2 4 i> ilXl^gP^a 
LlS^i- 12 6 Sr-^tt. l*l(i?L 1 2 2«. ^'f TA- 10 6 

'^^T'J i^^l 2 3 . mMI>Zl,±y yi^>yi,i. l^lflOfLl 2 
2mzmK)H^ . X7 -71. • £^-r:7 h 1 2 8 SrHZ^f 

^<?D^S, :J^-fr;n 0 6(i, xr-^L- • h 

[00511 U A 1 2 4{±. T.'l 106 t—i^izm 

m^ix. ^m^miz^mizm^Lyi—j^ 1 4<of*3ffl!i^ 

/n 0 6cr,VM.i 24i:1^^L, — :S-x:r— • 

h 1 2 ScOf|!i4g(i:rtffltL 1 2 2 OHfeig t f^^ L , T 

;n 0 6S-7^— Ai4{ci*LTWrtri6)icfi^^-r&, > 
-;n 1 0. timizlif^:^:^^"/ hii. yu—M. i a 
1 24i;c7)Stw^$ix|.. Sx-zH 1 OfciOf 

'J A 1 2 4 {i. :^m:x/mcr>m^^^ti^y ^ TJU l O 6 co 

4^0T'U-;H 0{rA.&«=Oar|5S±-r-S, 
[ 0 0 5 2 1 r/H 0 6<7)rtai*ii tgB:«- 1 2 6 

r^T/H 0 6iOl^fB|RJ^ffiC7{io-C^^Ur 1 0 
4cr,9m^mLM'^l20tM\^L^}^-:>^tLtm^LX 

[^izwiM^ti^<7)x\ y-i rtv 1 0 6C0IIHEIC i 0 , ^ 

A-'jr 1 0 4fcJ:t^"m^lS»ttgPlt6 6, 6 8. 7 0. 
72. 74. 76. 7 8i>j;l^'S0^±X>^— 
M 2 8c7)«itCV&oT1856 0(C|6]*H^i7^c{i-ea**^> 
{SfL^ J: 5 {zmii^^ixh . xr-yl.- 1 6 tcifii*H%*»-:>igS 
S6 0tcr6j*-d«mis^egi5$t6S-8 0OMl!){4. ^ 
iO^Me^1±gi5« 6 8-80 3&m$CS 4 

xr-yn 6tcEIJ^^$i^sr^'- 
^:>]Srlg:^-s, jtic. ;?.T-;n 6*»^>^x;&»oJS5 

6 0*^ 6 8-80 <nm\i , « 

^e^ttgPW 6 8-80 ti^msiS 4 OM^^tC«^6^t 
«^e#143|IW6 8-SOtcJ:0xr 
-;n 6(cEPJD§ns:ri.-de:>j^(Sj«-r^. id L 

•c. ^»P!s^^i9 6li. iiioA*^'fi^io^^«gK^t4 



'm.^m^^zmmth<T^^-^^{z-th. mus.. mm 

S«fil9 6(4. ISD'C^A^v-C-y ^ 5 y i-^lS&ihi-AT^A 1 

Ai 2t:J; 04-;i'^n^r^-=^^^fflSfI^7)J:*®M* 
:^v:{4Sf^^ ^^tgtc^ I. , 0 1 J: 0 -I. J; '3 fc. 
r-f r/H 0 6 tc|?!|if 1'-^ 1 4 oi'l-gH^Mti. 
ji(:fi1titc?)S^')v-^i^{ifgSl 3 6$r-^rA. 
OAlC*f LTmme^ttaJI^ 6 6-8 0i7)S5:56 OtCif 
-r-Sfiia. *jJ;?/VN'.y ^7 5 .y > i|SSihi^;^f-A 1 2\,zX 

<^ixi> ri— i^ffl5^<7)mi-^ss^*gs^-r 

Whhfy.h:Lttf^X'%hi:'j\,z^ Wj:^W^\^^^ 

[0 0 5 3] 05i3j:yil6l±. A>y ^ y v^j-RS^v- 
Xt^A 1 2*qFfm'50*i-^coA.^ h^TtU/U-T-tJ il/ 
i^jO^Ni^AMW^^A-^^-r ^' >-j5''. isiO'VN.yi^^.yv- 
jLfi&ih2^X7"2.1 2*i#li<7)^<^^l:<-f 

(35(4. (HHl 5 0(cJ: 0*$it-§.J: 0(c) Btra 
(citr^^r-;H 6coiIS^. (BriE^l 5 4(ci:0 
S^^n-S J: d(c) i^lStc^tr^'^-f ht^ti/l-r-isJ: 
l/^i1jO*iOaj^^i/5 7T'S^tTV^.|,. ISOtJilfl 
5 4 0iE^^^iEiDj:?/A#§My(C7'f > 1 5 0*3 J: 
1 5 4 ora<7)P^p^:{i;^^o^-r -f ^i^'^f^. ft^ 

(ctEtTS)-^ss^fi:-r-i.(cit«o^T. B#r^(c*rrsx 

^iK(4. — «B^(c. V^-rfL£7)y^-^f^fflc0^rV>ia5c7) 
[00541 125(4. $ i,ts:\Vx\m'^\,zn'th^A V 

%fd.i)VT-'^^xfm 0 *coss(c}iS! t < wmiH-TL h 

-C'3^^dA#=5r®. :^^tcMm(^n^mzl^^ms:\. 

>':f'2:ij^-r. ll5(c5S$tL^J: 3(3. ^^X^^l^y 
t7)J6y>(clWiOl3}^L=5:0 (wh i p ) (4. '^-f hi/:: 
(4/UT-±5 J:t^i<>0*!^xr-;l^ 1 6±tM(c5i-:>/i 

iiSr^L/i. xr-A 1 6c7)|l]^jISi:^^ h*/^(4 
;i^r-*5<l:t/iD0*iOiISi:i7)||i4, T0c?)ief^Odr^ 

:^'f^>9'<r)^\,zv^>\ SOiJj:!/! 5 4*«:«-StL 
Tv^?>::i:(:J;05F§ix-Ct^S. x^O^m. XT- il l 

t(r>zeomi±. *)-)V 1 0(cPi^c7)xr-;L' i 6*-'^>iiii: 

[0055] =»f ^ >^'i0^46f^r^i^r < . V 
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^(t^, 7-0 1 5 4iij:i/i 5S{±. mm.'^.itiib. m 

mz^.^ixhi)\ y^ y\ 5 4*d j:?/ 1 5 StK-f 
S t |SI t T'S) ^ i: ^ -S. w t :^JI1S? $ it S ^ T'S> 

^(i , 1 6 2 t:*tjEi5^^B#tijT 3 1 z'mMmi>zm tv 

Wfi^tc -t o jfrcf < '<.-^ h * Ttrti/L T-fc i x/m 0 

0 {± Mz±^ V ^S>I-^TMS-r , X r-;P 1 6 [mg 

m<7)z<7)^mt Lx^t^ma. mmrs^cri^^ > i 

5 OfcJ:(/l 5 4<7)->J-Mtc<i: 0*$ix.|.« ^T-.'H 6 

1^ 0 ^ * ^^ti'' ^ -/ ^' 7 •/ A *J 0 -fl- 10<7)m'0iz±t 
[ 0 0 5 6 1 ^.1 6 2{cWti5-r-SW^JT4'C\ '^•Y 

[0 0 57] Heti, 7 2 

-='r^«4 6Cj;0 7'u-=Je:^^>!.r-/n etcEPliirr 

3 fc. ( 0 1 t^^ix^ ) ^ V •/ ^ • U ' 3 0 coff L 
TWi . ^ 7 -yf- 2 6 ^ai#gt*nc^WpI-C-f^^«r)i?# , 
VN'-y ^ -y i^i|Jfi±>Xf-i* 1 2 ^rf^M-t-^ . He 
$ixl. J: 3 fc, i^^iJT 0 T'AN .y 5 y ifiSih v'^^.-f A 

1 2$rf^-ri>t-r<'(c. v-<^n7'n-t y-«f4 4{4. 
^^^< i: 1 1 oiommfejittgilWe 6-80 ^StitS 4 
<^M^^(c«^e^tcjS-^1--|. ^)^\,zX^y.^ i-t LX 

wmL. ^mzii^rv-^imA^Mru-^-nF I 

(.^T. v>f ^orn-t y^f4 4(4, 

W6 8 SrffititS 4 iOM^P^fcS^fl^tz^-^ L. 7V-^ 

^«4 6lClfc«cW/h$l^rU— :Jr:*3F 1 ^>?.r-/n 6 

yi-— ^.-J^ F 1 2: xr-yl. 1 6 m^jT 0 *^<iif i L < 



3 ) 1 1-3 32436 

[ 0 0 5 8 ] 7 y f- • I^AN- 3 Oi^lf L Tff t-JEB¥ L 

x^v-^w^Ae^mm\,z^m\^. fu-^ijFi 

ixy°—)i 1 6 i^zmwt^iX^ 0 C V-f ^ oTD-b •■/ 

■^4 4{i:. tmtLx. r]^'-^^m4 6^^nmizim 

t. myi—^tiF 1 2r^T-/H 6t:df^X-f'f >- 
^^<olHtet^^< Ma#^**-:p|*MT l <Om^ze^lM LX X 
Vi, mm. v-<;7Q7°a-t y^f4 4{4. ft#i:LT. 

1 6 t^'^cTy^^mmmx-mm ix^-^h^t^ 

izrn^LX. ttiii-?^ ^'n7*n-fe y-9-4 4*ixr-.;P 
1 6 *i|HllE Itt^iibtzZ h ^tg^^f-^fi-tSr-t y^f4 0 

X\ y'V~^mm4 6 SrfMbUfS , 
[0059] xr-)V 1 6comJgfcJ:tJf<'f h±/::{±;t' 
r-a J: l/i^? 0 *<7)aS.K*«^ L < i^MT 1 <?) 
-^Ktzib. v-f ^'aro-b y-if4 4{i:, xr-;H6;&^' 
FJr^OHHK^iSffl, 2 0 0 r pm (0./^^) -C'Hl 

oi-(:>^imt(r>i,zmwLxm^Bimii^tt ee-so 

iXi/i{4^*^««$ix-(:i^|.. V-Yi7orQ-fe-y-^4 4 

f -2. J; 3 i^i^r n j?- 7 A $ixi ii^i^m^ $ ixT v ^ ■& 
^^mcjetTSJJlL^^, ^ix^jSlgl^'^yi-. i^SlS 

mmmT \<r)^.aymz^^^miL%h . imti. 

X. V-f i?OTa-t: y^f4 4{4. mSC0B#S»*WlT 
0 *><?>^ L^ct^X-m^fe^ttasW 66-SO^JS^L 

x^»^hmsKS4<mt^W}^(:>9M,mzm^Xo^ifyru 

^vM.^ixtfzii'f^m^^ixX Xv^. Jg. v-f 
n7°u-fe -y -tf 4 4 {4 , JL- -»f>'j^oA^c;)roj?'"^ AB# 
MioS*^ /bStR-r ^ i7>S: ojtgi^f ^ J: 0 n 
A$ix*/^{4i^*^|gB£§nT<r^^«0**ifiLV^, — Hv 
^ n r D -b -y 1?-4 4 t/m^^M^m^ 6 8 - 8 0 
<7*?5-^LT>'^'?.f£tiiS4cOMi^S/j^^>B#IiJT 1 
m^zmi'h.. Xy°~)V l 6(4SEbtc(2lls-ri.02r^ligt 
$<X^, 

[0 0 6 01 9 ■ V.'^— 3 0*^'jf §ix^B§^JT 0 

*^ ^ 7 y ^ • l- v s- 3 0 tmW. $ ixx 7 -yt 16*^ 

vy^ ■ J\yv)i2 2iiXv^xr~)mm^mz^-^-t 
^v^mTA<n'y^^<ti^^klLX\ ^y^40\i. xt- 

)V 1 6<?)|g«ESrjili6^t;^*nLTxr-/HHltefi-^$r^ 
, ^crtXT-timWEmi.'?^ ;7n7-n-fe .y^f 4 4 
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(14) 1-3 3 24 36 



t:mmx\ i#tci 0 00, ■fe>-»f4 0j!>»'c>xr 

tCiiV^T, 7o7°o-t-/-9-4 4{i, -b>-^4 0**^> 

y ;Hk$ii^ t . ^-f orn-fe 1^4 4 ti . fi-^ 
i7)-fc'n^<^|gC^ it®f i. ^ . . «-fe'n 

3tllti: , -b > ^?-4 0 T'<?^^5 1 6 <7) 1 ot7)@;6^ibJ^5 1 

4 (i , $ii/v:B#HraPB<OSiO-t'a3SII<7>^^ ^ > 

-t-.y-9-4 4{iC:c7)jljg^ieiiL. ^ti^^l^zsm^ixfz 

S-r-S, ^izhtz^. v^^'ara-t y-»^4 4{i:, 
ice^t. ff», Jt«J, fh»- m^<r^tTd. ^co^ 
^. v>f 7ara-fe y9-4 4{i, Bt^iJ T 0*^4.^5' 7 y^ 
• ^>'^'— 3 0 i: # t.X'<7)Xy'—fl' 1 6 <ojn 

-b -y-9-4 4{i*/i, xr-ZH 6tfOS::A;|s]l5^, fci 
tf-^T-;H 6*iS;>;lHH6HiKartOB#^J (B#^JT2 ) 

4 4 *^5tc^B#rarail4'^{t]iX <oil/cfi#cr)f!c ^; Jti^ L T 

t^mm^ttt, mify(!>tihzti3^x'^hXo(,z. v-f 

fl^i. 1 i 0:^# <r^^OB#|g|ltllSSrli^^ J: d?-*^ 

[006 1] m6<,z^^tt:hi'ji,z. — Bv-f^oru 
-t -y -9- 4 4 (ixr-A' 1 6 *^ft;^[Hl|iEjiSr ^^JT 2 

TD-b-y-9-4 4{i:. 7V-^fI-tS-||*tT. yu—^ 
^*i4 6 a:B#^jT 2 {cig< I^MT AT'f^lH-^ . IBS^$ 
ixfcri— ^^«4 6<?)0y^WIIJi6JB®KtJ»,'>-C, -^'f 
or n-b y i?-4 4 a, t 5 — i!'^^ < i: 1 1 ^<7)Vl 

^mm^^tie 6 - s o ^mMWjgtas 4 com^mizm. 
j(rri>J:otc$-fra, m^^titiiim^y'\:>-^xt,zti\,^ 

X. V 7 nr Q -t y 4 4 {i:#-cottMe^tta5^J 6 
8 k&tfL8 4 iOM4SHtC«me^{c^-^ L , ^tHz^ 0 7' 
L'-^^lf 4 6tiru-=^:>5 F 1 1 6tcE|JSn 

•r^. :7 or n-fc y -9-4 4 (irp-4f ^184 6 2: 

5siiZX'o^^ixhi:oi,z)Wi±^mmm.^zim 



Ltz^kx-yu-^ijirxy'-m 6izm\rr^<7)X\ y< 
•y i^jLR&jtvxx^ 1 2«^A'Xx>f y^m^mkL 

[0 06 2] S<i>tc. ll5(c^$iiSJ: otc. xr-)V 

{^ti^^^-^i^-^^m^kiz-^izm^^^ . meizTT. 

^tl?>XdiZ^ v^:;'orn-by^f4 4{4. -g-ixtCfiSt 

x\i'-i^^m (mmr 2 ) mizxy-n- 1 e izmnn^ti 
i>zru-^:fj^mi^L . ^ixizx 'oxy-tv 1 ec^mm. 

o-b yHf4 4{4, ;^r-/H 6<:D:^^$^l7tigKiSJgAi 

®^-ri.{coixig}!jirr ^fsciom^^^ttsw 6 6 - s 0 

SrfiMS 4 (^PfiSStcmMfi^lc^-^-r-l. ^: tc J: 0 x>{ 

•y^t LximLmf^. me(,z^.^ixhm^my°xDAz 

i5'a7°a-fe y-<f4 4{4, W^cT)^^^ 
llfiO:ig:*^tJt«?LT<f{ri 0%i!'-=S:V^-fe'o3cll$-ty 

^4 o*-^^^(t]ix-i>ot;iir-^t-cig2co«m{s»i4aitf 
7 0 ^ffiiiLS 4 oM^^icmme^t^-^-ri. . mmi-h 

t. v-f 7ara-fe y-«^4 4{4, XT"— A l 6<^i£lfe5S 

^*^xr-7n 6<^izmi^ittiWck^w&^<^9 0 

%X'hht^. ^2OliMfeSttgB«7 0^J£ljl84O 

;H eiiZma-Th, ■fe>'-9-4 0*>^>4 0%^^^(r^-fe'a^ 

H^r^ftaXI-^OtztcJ^LT. v-^ i?ora-b-y-9-4 4 

mi8 4 com^mizm%mizm-^ tx. XK^i^^^^zfi^ 
-^:»3F3S-e3j[rrs. mm-t?>b. -r-f^oro-fc y 

^^44(4, X7"— ;H 6*^'^■VX7'^• >':7"4'XT-;H 
6c7)J: (;liiSi]$ix^^ft::^@$sMSi06 0%iOEIte 
^Jg^ i>-ol^MTCCmMe»ttgBf}7 2*5 cl:V7 4 ^ 

sui8 4<^M«s(cm^fiiFtc^-r&. mmz. ^^x 

3Slli:m tT^jECTJBtmiS* 7 0%:l'-=3:V^-t: D3cll 
tr^ttJX'SOtciS?§:tT. V'f ^' oTo-t ylf 4 4(4. 
4OC0,itJPi0«me^ttaii5r7 6, 7 8, 8 0fcJ:tX6 

e^mijis 4comiQmzm,%&nzt&'^vx . xr)±^^^ 
rix-^^jF4$rEri]!ip^^. mm^^t. v-f^aru 

■fe>y^f4 4{4, ;'xr-;H 6*i^(Z)J; D¥< (cliS'J^ix 
/iS>*;lIIl6jUK<^3 0%<0lHl«ESM2:^^l^^JTD(C4 
Oi7)iIJn<^mm^^ti^W7 6. 78. S0*3i:lX66 

i:miS4commmizmMmiz^^^^, zc^m^coy 
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6 6 ^ EfitS 4 <^M3Srat::m^fi^(C^^ LT , -lix 

[0063] IX . meiZyn^ixt i. 0 IZ, —fix 
r-)l 1 ec^M^m^M^i)'-^^ ^ 07"o-t y^A 4 
i O^S<J$ii-C Ltot. -r-f 7orn-b •y-^^4 4{i. 
yu-^il<i4 6$-|^L. :^l'-=Jf^*i4 6t3j:0;^ 

hr •/7'^^,, 7>f ;7ara-t y-9-4 4{i, yv—^m 
^4 6 U -^i] 1 6 A^O^ ^ >' 1 
6 6(Cj:'?^^$il^J; '^m^SC;l?:r^0ffiil6*J^r^'- 
^:>]a:J£mt■|.ST'EpJD■r^ J; die, ru-^mm4 e 

-^WMA 6W. JS^6 OiOfiS^F^t3^m^^ttSI5W6 

6-80 (CM© tT^^it ^)^^7)«^esttg^I«^-^^T•• i 

XJi. -v'-f i^ora-fe y^^4 4*-'7V-^^ffi4 6$r$iJ 
ffll L J: 0 V ^m^X'X T-}V 1 6 ICEPJD§ S 7' 

[ 0 0 6 4 1 V-f oT-o-fe >/-9-4 4 {i , 

4 6^$lJfPLT, 7^U-=if®m4 6^fPML. 

^-^i+jxr-^n 6i0«:*:ll]te^^t, Pt^^J^x-f 
>':?^'f ^tof^te.r X7 1 6 o*tiEiOi^*n$ix?^c 
HiKSSt »T y u-^^ti4 6 ct 0 epjn 

i^X7"Ai2ti. rp— ^:*3<7)®fll^S^x:r— /n 6 
O^EPSdLT, ^iitcj;0x7"-;l.'l (,\,mWAzn-th^ 

(•r^t>*). S5fcJ;t/El6(cS^$n^^-<>'l 5 4c;o 
i^%^tfz\t'smz^t>f) Vt.fz\i)Vr- 

Wzh%^. Vt. fd,X)Vr-i?. i l>' 0 ^<rmmi 

titz%\,z^-fhx'hh 0 . -f-co^*. mmzrv-^ 

flcOf^ ^^<r)m^^mm^^. ^M^'^ y ^ ^ -y ^ 
tTt^t". VNy^^yi'iEe±>^X-rAl 2{J:. -e«OM 

jS^^aL. ru— =^^flt4 6^afie^tzf«ftLT, x 

r-/i i 6iommzyu-=>r\m^m^^. j:o^<^ 

^ h 4 tzli)lT- a J; t^'i^j 0 ^t^ma-ixli s J: 0 ¥ < 
A< y 7 ^ y j-RSitv-XT^A 1 2{iru -=t^«4 6 

J: 0 .X7*-/U' 1 6 t:9ttn$iil>7'w-^:»3 $:Ji±^^-C' 



X'r^i >i/^tLhb^ . MMXh^. mmz, ./N' y^? 
•yv-iK^vX^Ai 2{i:, J:*)m^^ttzliX<om^< 
httzii.ilT-iii^X/i^'OUzmmLtz. ttzii^- 

fziiX 0§B^^^-vXf- >:rizmSl fz. xy'—il 1 6 

i- Aiifeihi^xxAi 2*J^(i:^S4r^xx^ yy^w. 

(yvy:?7 yva.|J&±>-;7,xAi 2f)^xy^—tv \ b<r)^ 
tc:i,}«j<i,-r, 7'P-=Jf:JD<5DfijaiMmc:7'"i-— 
xx-^ >7'*p^. m/i<z7.r~)v. h4^c{±/i.-T- 

[006 5] 07{i. >'N'y7^y v-A|5&ih>'^7^JU2 1 
2 , •ttchib^'^ y <? V vl^aMnt.l'X'fJ^ 1 2c7)ft#ll 
ifiJE5®.5ria^^f ^ o y 9 y >y j.jJ&jti-'^s.'f A 2 12 
t±. — ^eiJ{C-t >-^f 2 4 0 . -f v-'rJ'^l/JlJffllS 2 4 4. 
7'U-^a«i246. ^^.'N-£^:?24 8*5j:l/>^yx'J 
2 5 0^-S-tf, •fe>-^f24 0{±. ^r-;l.'l 6<0l5Ite$- 

^'mzn^hXT-tv\(><om^^m.-tm^-b 

W^Mff^®lC*>V^-C{±. •t>'-9-2 4 0{i. xy-)V\ 6 
^:it(zlIHr:-r^7'wi6xr-.;i' 1 6 (c^^$ix/i^ffiES5 
260fc.l^5260 iOJKFrf^t;^$iXJt*-7l.^^ 

■feyHf^«2 6 5fc^{ii.l., *-;t^im-fei^^f^*2 
6 5{i, a^gt»]X*0. A«y7^'J2 5OlCj:0$^«$ 
iX-g.. 4^-/l'^m-ky^?-^»2 6 5{±, xr-;H6*-' 
Elte-r^ §<7)|K52 6 Oco^ft-r-SJS^tCfDi^LTji 

1 6coiH]lE^a-rTV iy9)vm^\t, T^-f 

2 4 4 tc^mtt U - HIS2 6 7 J: OiM^>il-S. , 

[ 0 0 6 6 ] i/r?/W$afflItl2 4 4(i. 'J -/H 0 
tc^^iv. 5 >y^ 2 6 . it^—lV^^y^^n 

2 6 5fcJ:l/yp-=3fS«2 4 6(c»ft^fig{ctf0ESix 
■i.ii^iOl5i*Di07°a-fe -ylf • f- <y 7'S:(ii. i, . t >f 1^9 

244 (i. 77vf-26 cry^-^ifimMxh t 
^Wm^iX^, ft^fcLT. -f >f i^':?;W$iI#PS2 4 4 
4;^^{±-try-»f2 4 0{4, fBico*i5'y47^^{i:;^'f -/^tcJ; 
0 Mfl^fi^ f^W) ^ixXX^\ y"^ =J9fimm^ 2 4 4 

x/^mm^tLxi^m-r^, :f}^y9iiXt/9^^bLx 
m<fzib. r-f >':?;mffliS2 4 4{i, mfE.c^mm'^m 

tt'-fe>--^2 4 Oii^i^^il-JRhtitzf ^ i^^H • /nVP^'.cO 

xx^r-ivie(^m^Tm.^w^L^tz\mmi-ft. it 
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1 6 i!)m:k\^m:MmX'Eim-t^ f-i?Btra 
tS 2 4 6 tc: J; 0 EpjDSix^ 7V-^.:»jco»Sr$iJffll-r^ r 

v-=^m^tLxi^m^i>, 

[0067] yi^-^mm2 a en, "f^'J^^fimm^ 

2 4 4 *^^bi=07'U -^fi^tCjS?!: LT y'V'—^ti^Xy° 

m<r>mmBmizi5^^x, yiy-^mm2 4eii. 

6 0 . «mS»14^W2 6 S . SSESri* y 7 0 ti 

IV 1 6 i:^t(:ilie-ri./^a6;^7--;n eizt^-k^ixfz^ 

ft#tLT, .SlHffl^0E^$i^^lK53&^■fe>'^?-2 
4 OtJ J:iX7'P-=^f^«|24 ec^/vTi^'^tC^tt'onT 

[0068] m^e^ttSBW 2 6 S(i. «^e#tt«f4 
*»^'f^ Ji>tl. Jg5 2 6 0 «7?J8-ff F«ir>?.7*-/P 1 6 121^ 

LTS^Snro-l,. IEmf5«eSI5$f2 6S<i:, XT- 
)V 1 6(c^g|e<)l;3b>-p$iJfP^^Hgt7V-^f^ffl2rS.{3' 
®tt ^ J: -3 tc^NKi±-e^> 2. C t 4 

L\\ ^um^mi2esit. xr-;n6*5j:t^ 

52 6 o<Dm'o^zmwm^zmm^ii-h^'oviWi^i.z^WL 

WS.^infzm(^::i ^ )V±tziim^mimi.^<r>iim^ L 
v^. yi^— ^aif 2 4 6{i:. ;?:r-/H 6cDjgOfc{iS 

Sfflc7)||^fe«'|±g|5« 2 6 8 $r-^tfiO;bW4 1 
V^. limeS14a5<^2 6 8{i:. S«ttU-HIS2 7 1 ^ 

irLxmrn^y^) '■'V2 7 0 icM?ij{;«^e';>tc^-^$ix 

[0069] ^jlSfyj y i^'2 7 0(i. )l^Bi»IT-ft 
D . Smtt 'J - H l?c 2 7 3 5r L T h 7 > i^'X 2 7 2 
tcrn^Wt^^-^^ ilT >^ . S^glT' 'J V 5^' 2 7 0 
««ttU-H^2 7 1 ^^LT^ft]lX^tlfv:3:^^c£S: 
h7>;/X^2 7 2t^*tf>ixSigoS«gSt^-r^, df 
A-AN-i^rJ^ 2 4 8{±. 'J - Fl«2 7 3|5l±^(c«me^tc^ 
^^iXfzm^Wi^<r>^-? >'^i^'?tl-t>^h. ^^niy^ 2 

4 8 li . mostf- 9 1 fzt±m ^ r^¥rt fb-r -1. . 

[00701 h 7 > 2 7 2li, x v-'^ /U^iJffllfff 

2 4 4 i}^(y^im f>ii/c$'if»mafi-^(cso\^r ^ft-r 

2 7 2{i:. lMQ<7)J:o^mmz±^\,^Ai!}^f>10 0Q 
tfzi^^ixl:iT<^X 0 ^j:ttm^'h^\<^S.tX^iti'h^ 



>\X'9 21 2\i., MOS FET. IGBT. MCTiS 

mm^zM'^y.^x^^-thwsLm^mi->xw^^^ 

'^flSidtC, SfigSyj ■.•/i/2 7 0{4. 

2 7 2*^MOS FETyty-^^^flsTryNWX, ^itJi 

[007 1 ] N y 7 7 y i^iE&±;/X7^A 2 1 2{i:;XO 
i:fcOM«g-^i>. i?7-y^2 6coi^^j!f»m>ix|>i:^<' 
tc. x>f v':?/l^iJfflI|S24 4(4f^i6$m». — fiil^O* 
^J^A-x^-f >i?-$ixl.fc. xy—ii i 6tsJ:i/WE2 

6 0 {±, iHllK L . «mf5#figC« 2 6 8 L T-^tc 

M^^m^L. -e^3£cS€^{i: U - Hi^2 7 1 1 J; OS 
el§l7'«J y ^-'2 7 Oizm^iXh , ScfilSrU -y ^^2 7 0 
{4. 35!cPi«b£^ . U - F«il 2 7 3 J: 0 h 7 >-i>'X^ 2 

7 2 izmiyixi>m.mM^izm^'r ?>, -t > 1^ 2 4 o tc i 

T , T -f ^ /t^-SlJfSII 2 4 4 14 , MMmEft-f-^^^ 

L . ^criummmm-^-iimmit. - 2 6 9 ^^n- lt 

h7yi^'X:^2 7 2{Ci^4.iX^, h ^ 2 7 2{c: 

mi^ixtzm^ms.m^-ii. hvy>f7.9 2i 2<r>m3m 
mm^mt^^. m%wB^^m2 6 st^i oxr- 
A-i 6fcj:im52 6 o^^Ep^J^§i^l.a^tf^{47'^'- 
^:^J^*^^SL•c^-^l:§•t^^, \-y>'JX-S^272 
<7)ffitn:ffl*Jx-f i^i9jm&m2 4 4tJ: OffiM$ixi.tc 
on, n/-^^«2 4 6l2j;0xr-;l-l 6{:EPSd$ 
il-S y'U-^:n:^m±-t^ « Jtt . h ^ > i^'X 2 7 2 
om^WStaffiA^x -f 'J9)vmu^2 4 4 ct Oi^:'^^ 
iiStcon, 7'u-^^1«2 4 6{cJ:0;^r-/n 6{w 

EpjD§fx?.3^U— ^:ftJ4iK-M-f-'S>. h^>->'';^^'2 7 2 

(^mmimmii. x ^ =ji')vmm^24 4 1 j: om^ 

SM^SEfi-f-Sr h 5 ^yx;? 2 7 2(cailR6<»K6Pllirr 

hiLtizx^ymm^ixh, -efosm, «mtt'j-K^2 

6 9 2:^1- LT h 7 yj/'X^' 2 7 2 tJHi^tl/i^JiSimJSz 
, X -J9)Vmm^ 2 4 4 14 , xr-zU l 6 eo 

mmzni^xwRmzyv-^^m^imL, m/izx 
r-)v 1 6 ffymx^ixtzWSMkzM-^wn 7V-^ii 

ffi2 4 6 1 J; 0 xr-./i. 1 6 tcEP3n^it4r^-^:>3$- 

[0072] 0^^cOf5!l^et>|ISfiJ^.®t*ji^T . x v'^' 
'I. $|J WSI 2 4 4 J4. -yv-^W^im e\.z^^fLX^-^h 
raf?i3M -:> -C X7 1 6 $ ilfc ji^lCScJl. -^T 

7'l'-^^)2rX7-;l- 1 btcEpJp-ri, J: otc. ru— =Jf 
i^*i2 4 6S'jeJ^i-SJ:^fll^SnS. Iftc, "e>ftJ'n 
rn-t -/ 2 4 4 (4, ^ft-r^MfPmE^ h 7 > 
2 7 2tc3il0, h7>-vX^27 2i7)gJt(B^*fjeLT 
^-ft$-fr, ^i^(^J:0 7•^-^a^«2 4 6^4. xV>''^ 
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II umss 2 4 4 t'^mm^i vvwx^iii tcis^. 
-hv 1 ^micth. -Hj?.:r-/n e^og^BigafK*' 

2-C-.'?.! 5 S(c J; 0^$ix/i J: d (cHlSiJ^n-C L 
4:)^:, x-f >^';l.$i|ffll5l2 4 4{i. t gSiJiWmS 

e h 7 > 2 7 2 0 . ^ttizX 0 ri^-de-ti^ 
24 611. yu-Je-tj^.x:7*-/n 6(cQJJirri.. 

^ $l|eilgS 2 4 4 f)^X-r~)V 1 6 CMMu^iXtz^^"^ 
S2r7<^W^-t > -^^^2 6 53&>^>Stt]R^i: , x -f 
V9 /t .iHJttllSS 2 4 4 (1 . V'yV-JX^ 2 1 2\iZ.^t>iXh 

2 4 6 tH^ic^-^ 7'1' -^^^7.T—}V 1 6 ezEnJDf- 
jiiBgfi^J(C^/l:^^$lJfflI«ESr h^^v-Xr? 2 7 2t: 

1*0 b 7> vx^' 2 7 2oy^%mmm.^nm\.xm^ 

rS::i:(-J;0. 7^"^ i'':J'yi'^JfiPII244{l. ia6{cts 
<r >-r 7 < > 1 6 6 J: O^^ii-S. i d — ;W 1 6 iz 
enjp$ til. yv-^-h Srt^^ tA^ojt <b Mztt::*;^.?. . 

T=-'-f >':J'yl.$iIffllS2 4 4«. 
2 4 6 y/M^- ^^V-^IJ^rP^-^ mmiZXT- 
II 1 6 tcEPtPf ■2. J: 0 J; ^ rnr^'^A^tti;^^ 

{llffilcSiiitl.. 

[00731 -fE.izmtt?>mm^&^ h^>-'jx92 

7 2<Call0 7V-^}im2 4 6(Cj; Oxr-/H 6lcEP 

Jn$ii^7'u-=3f:t]^S:fl:$-ti:-l.ft:^50t;:. i-'^'/i' 
SilfPSI 2 4 4 1± , ^Cyf^ 'JS'tVmm^ 2 4 4 Mix 
i^^^fd-znSBmm^^ V^y-JX'9 2 7 2tcillO 
7^u-=>flSli2 4 2{cJ: 0;^r-/n 6 tiEpja$ni>y 

10 0 741 08*1. •■/:7 5 y>'jL|I6ih>'Xira,3 1 

2. ^^j:hh'^-/'9^->i^^m±z^Xy'I^\ 2c7)^3c7> 
^?eS$r^^-r«ttBa0X\t)^ , 7 >y '^a.m±i^X 

rA3 12«. -fc:>-«f34 0, 7=' ^ v';5';U$iIM^3 4 
4. 7'U-^^^34 6, ^A'/<i^:?3 4 8tJj:UfyN'y 
x';3 5 0^ift^. •t:y-»f3 4 0{i:. X7-;H 6^00 
eSr^^LA^oBtratcit^^xr-yH 6£7)[D]|g$^f 

1^34 oti. ^(r>'^y^3AQtfixy'-tvi^tiXxm. 

152 6 om^'Ucmmwt^-^^ixfcamiomme^tt 

gPM 2 6 so* Srf ijffl L T X7 -/U 1 6 commi^m- 
fi#Sr^-ri.iS$rl^t^Tll2 t|l^$nS-t>-9-4 0 

2 6 8 fcM^jcffiM&^tcjg^^ix. ^ LT««e^tta; 

W2 6 StJ; 0:^7 -^1, 1 6 IC'h^l > ( d e mini 
mis) m^Srifig^^ J: '>55:+5J-.:«c§^ffitiill^*-r 

3 7 0(1, {H3:i MQcr)iS.tKm^^i-^<7)^miL^\ 
«me#14a5W2 6 8{ifflSiCit?iJ{cm^WtC^-^§il 



x\.^icr>x\ m^mm^mt2 6 8izm^-t^xr-fi 
1 6i3Xx/mE2 6 oi^mist J: oj£Jii3 7 ocm^Qm 

14^51*2 6 8{±, nmzmuzmm'ji>z^^^ti mi 
iz^^ti^ hcnizmm . ^tnzx 0J£ijL3 7 o<7)mm 

mizm^^ixrzmmn tms i o<rm^ 

^l^L. -eofi-^{iT-<v:?;UiiJffliSI3 4 4{c:J:0f'J« 

[ 0 0 7 5 1 X y^J'yWfiJffll^ 3 4 4 'J -;H 0 1^ 
(c^$ii*»o-t>-9-4 OtJiufT'l.-:^ 4 6l::||j 

■yy^mt^cotimt. i-':$'7l--WfflI5ff3 4 4{± 

y^vr-U 3 5 Otci . -f 'J^flMm^S 

4 4 {4. ri.— ^Sfl|3 4 6Sr-fe>-<f3 4 0*>^>cOfi-^ 
(cScf(,-»Tfm-r.S, x-f >'':5';l''WfflI^3 4 4{4. rJ'-f 

ffl-rS. tS^^'inSidii, x^ >-':J'yP$iJffll|s3 4 4(c 

^ ^aya-t y^ ■ f--y7-(Cj:'9Mmwfi<r£0|5|b}ifl 

[00761 xy-fV 1 6 OlaIKiSj^§:iB5iJ-ri, JtA^), 

X >f i^'^/t $ij{fliti3 4 4{i. ffim 3 7 0 tMrnzmm^: 

^344{4, ffita374 cOM^^omffiSrili^^tzl^^a 

L. i^ic*r-fsxr-/n6oiii!i£ii]^s-^«>t=^fe 

^t-i.. m^<^m^svfjm:tmM.\.z}i\<^x . y'^v^ivm 

^fl3 4 4{451Seenc7)mffH-^-&ty, «#^:LT. x 

>^^';i^$ijfflifl3 4 4 (1. fl!!cojM*n<7)miEt^*nx>^^ x 

^mi.xx\>\ ^i^iz. y'^i^^/vm&msAAit. it 
mt tx . ffi!5t3 7 o<r)m^m<Dms.m^<Dmm^m^ 

LT-eixt J: OBt^t-M-f'S^.r— ;H 6i0lIIlEiS^^ 
ii«cWtw;^^^§ cfc ^ m^^ixXXVK $ ^>tc, ffil)L3 

7 0 <Dmmm<r>m&t tziimm^tkmf-hith o , x 

-f V ^';i^lfPSff 3 4 4 Jl, ftgfc LT . xr-;l' 1 6 

J; i>TS5 2 6 0 tfim^Bmamt 2 6 s tc^ t-c isife-r 
i.ico*iffifii3 7 0(7)mtQmi,zm^^ti^m%dvv[^x 
commL^mmLxyft^yh^^^om^^tin^, -e 

CO J; 3 ^j:itmmmzi5 V . x> ^'^^ ;l-'iJfi?fl 3 4 4 
{4. ffi*i3 7 0iDMiffiP^i0jESftiacOl:M^NVl-;7.^7-'^ 

i-'is^jvummz^m t x^wxayt ^m-t h <o 

[00771 X.7'-)l 1 6COlHllKiI0^A^'x -f i/:i';lilJfifP 
S3 4 4 (3 J: OjS»E6^{cliSiJ$iX^cO-C\ x 'J9)Vm 
ffliS 3 4 4 \it.tz . ^^<04f A-xx -f >'^^4'tc:*W^«o 
ii#mi®{c^LTxr-yH 6<0[Hl!|g^lK$r^-rx-^ 
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[0078] Jt«(tlh L-Cill< tz^. X >'':J'yt'*'JP^ 

fv-i^mm^A 6 ^m^-th . r^v-9mm^3A 

iX^cllMWv NVl- X ^ 7V-^Mffi 3 4 6 fci* 0 . - 

[0079] rp-^^ii3 4 6<i. nm^^wmPiz 
6 8**"fflsicii:?ijtcmmeutc^^§ixT v'.s^5-^(,^T 

:?'^-^^fil2 4 6i:|3|tT^|., -eiOiS:^. 

1 6t3j:tXl^:E2 6 0c^m^{E«1±gP«2 6 StC^^-?. 

7-b'-^ati2 4 6<^«MOffi^g«tci^lD-t 
-l.r^-#^3 4 6<OS0<Offifi!£W«{i«iRLT»^ 

[0080] vx-y ^' 5 -y 3 1 1\r^cr, 

i: 0 tcatg-r i. , ^ ^ y f - 2 6 iOfS-^*^M3f>^n -S t 
<'tcr i^^)\^fm^ 3 4 4 . -milj 0 ^ 

6 0{4. laigLT, «M5^ttgW2 6 8^:frLT-^ 

^gg^SSSrUIIIL. 'eco^8£?ljS{J:U-h'l82 7 1 
Ofio£il7''J •yi^-2 7 0m'c>iX-g.« SeS^^'J ■yi^'2 

7 0t4. 3ec£mo£S:. 'J-H^;27 3tCj:0 h^^S^X 

rj' 2 7 2(ciSii>ix€.a:gri«s5(c^Jii-r-s , x-r-zp 1 6 
<7)imm.mz^ tx. 'j^^jmm^ 344 (4v^•;^x 

$iX^c*lJiJil||Efi-f-(4^mttl»-H^2 6 9(:j; 0 h7 
>'>''X:?2 7 2tci*^>iX|., h7:^i^'X:^2 7 2t:jll<^ 
ix/imfiE/NVU-x^^j^SdKfc J; uf>''«/i'J7,i|is{4 , h^y'Jx 

^27 2c^m^WfiJ5ill^^-fl:§-fr, ^mf£#egll«2 
6StJ:0xr-;H 6t5<ttAlSS2 6 OtcEPSD$iX?. 

J?.:? 2 7 2 lzmii>tltcmmmKmmt, V=yl^V7.9 2 
7 2A''X7-;H (^(fm^^zmm.mzirv-Mf-Wi^'B, 



ti7)T'^S , h y > v'X^' 2 7 2 *'J:cr)®E$ll«lfi^^ 

r-;n 6'\<07'p-^rmffl2r^'^k$-ti--s. mtii. x 

y'~jUl 6lzeolm^tii>zfl^-^ijiiftk:t^tzib, r 
>f S/^/U^lfPisS 4 4{4, .'NVI,.Xi|i^^iJil$iX7t:«BE$'Jffll 

nn&^ 5 0 ici 0 %cmm^i'risii> . 

-t<^^M, -/v—^mmsAeu. 5%<7)mfsx'o^^^ 
1 o%«o^^xr-/n 6{c7'^-^f^m$-s(f"-r. iS 
, X >f i/' ji^mmn sAAiittz. mm<7ymmx'xy 

-fl l 6CEPJn$n?.SfrffiMU#-l.. 
[0 08 1] m9tsXX/mi 0{±. ^N' y^7 y£^a.R&jt 

>'XirA4 1 2, ■r^;b^/vy^5-y>-a.|SSjt5^;^xA 
1 2OlS4O|ltfeJ|g®^05^^?., m9ii.'<-/^y-/i^ 

^m±'>:^y^M.A 1 2 S:7p-r«P&0-C$) 0 . ^1 OtivN' 
•y 7 y V- jl|5&±v-XxA4 1 2 T^^Vl-— 

6 (ii8{ciis^) ^<7)mm*:mm^h^ tt:^^^^ 

yyXthh, >'<y^'7 yv-j.|?S±v'XT-A4 1 2{4. — 
JKWt-fey-9-4 4 0 , SggS4 4 2 , T^xoi^WmiA 
AAm-Jfyx^—^W^AA^^^ti. -fe>'-^4 4 0 
xr-./H 6tM-^$ixfv:^^Eg52 6 0, fci?/ 

2 6 0 <mm-n(rim.(mm.^m!&mK 2 e s 
i-h. ^f^ttgii«2 6 8{4, i^w,zmvmx:m^ 

HT^'J ^^-'4 4 2timMWtJ-h'^2 7 1 ^^frLrmm 
6<Jlc|g-^$ ixh , xr — 1 6 J: yTS5 2 6 0 cOHHe 
3S^«cS*r«^fE#14gm2 6 8rtiCXr-;H 6 

<nwmmz)m\.xwmth. w^^AAi\t. -m, 

4 2{i:, '^mM^z\mm^y^^-Y. ^-^^/-^ly^^ s 

tafccktAV'X{4fl!i<0«mgl5B°p^ ji;ti,ifejg£y 'J >y 

h . ^SS4 4 2 KiM ^>ix/i3^m5lMtX(:: 
fi»fL^4 4 2*>iJ>ttJ:^3$ni.ii:^m»£<7>jK:&{4. x^- 
;H 6^lHli|S^«Sr^-rfi^Sr1f^-r-S, ^(^MBM^ 
r-:M3^©jeilS4 4 4{C«^WJ-HM4 4 7^^ 
UTiM<i>iXi.. 

[0 08 2] T^-ayVm^AAAM.. "v'-f i^aro-t 
•y-9-44. 2AAt5XX/3AAtmtmmcr>^<=S:m^ 

•ti. r^uym&mAAAii. -mmzy^^-]<A 

50. ^-^>'^•i^^4 5 2. ffiK4 54. 4 5 6. itWl^ 
4 5 8. ^-\*>'N"i/:J'4 60*Jj:I/ffitii46 2, 4 64^ 
-i-tf. S1?JIC. rihaj/$iJ^S|4 4 4{i. xr-;H 6 

is?^^ti5v%-c, r-^o:;^$lJ^»s4 4 4{4. y-f^r-K 

4 5 OiDcl:t/^-^'.''N*>'^4 5 2^fraLrxr-;H 6 
OS^'clsHfe^iKSriliS'J-r^, xr-/H 6;t»i|sIfeL!tei6 
Sfc. SS[S442{i. l>-m447P±SlC/h$l> 
jEffiffiS-^^^l. . i <^^ti . ^- K 4 5 0 5&<m 
sSSrry- K*'^>;^y- J; e ^cL , ^ix 

tJ:0^-vv^j^^'4 5 2S:3tm-r'&, xr-;H 6<7)jl 
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m^}^m±-t^ iZ-jiU ^-f .'!•- H 4 5 0 lim^Sr^ < 
>.'74 5 2(C«t'^{t. ^iXizX 0^-v.'N-^-5'4 5 2(7) 

mmi>z$m ixmm&mnhti> t ; - h^4 4 ? i5i± 

C r) L T . ^- K 4 5 OioXJf^-^' 4 5 

€JE{iJt!Kll4 5 S\>zmc>i\h. 
[00 S3] 3l2tc:. r-^omffll^4 4 4(i. 

IV 1 6i7)fi.:^is|fE^K;{,jgii5i|$ix/::f^-e:e)*oxr-;ii 

6 A'-gtCMjl Ll!^A6fcatrU-dr^:ffi4 4 6 ^ f^-T 

HiSfl^^Steffmcfct^T. r-ho;5^$iJfflltl4 4 4 
\t , 1 6 V -f ^yy^y. T—il- 1 6 cO^fe 

izMmm\J:::fkkmmmm(^)fi^m^ixf^y^—t: >x 
-i'-^tC^H. >lHlKi*«*- iod t ^^■rfi-^S:-fe>-^4 

4 0*'<^>S(tl>J^O(CJlJ^tTn^-^^l«4 4 6 ^f^ 

4. 4 5 6ifiXX/]mm4 5 8^'ttt, »iJi4 5 4t5j: 

1/4 5 6{i, ^^r.'^i^y4 5 2{:M^iI(C«M6<){=^^$ 
ii, -cili^Oit3ly-Hjijtiif|4 5ScOf>2t^-^ 
»6l4 5 4tilll5E0^^6mtalB^W-r^ 

«i$-W-r.&5')3!)»^fiL v\ ffii5i:4 5 4tij;t^4 5 6{i:. 
r -ho ^$1] jam 4 4 4A'7'U -^<1«4 4 6 ^f^ttt--!. 
r N 'J (TP) ar«^-r-l. , #t , ^^/N-i^^' 4 

5 2<7)l51^BRa^DS:^E^7)7^•-^:>'7^-^^i: fCt^DTP 

C00S4] 



[ 0 0 8 5 ] ^ ^ T\ R. ti:ffifii4 5 4 OSttffii:-* 
0 , R 1 <iffiin:4 5 6 coffifiiffl-C* S , T Pti , mn.4 

m^ixizt¥X'^?>, iwbix. mijc45 6<7)m^ 

til v ., 

[00 86] ifclxlf4 5 8{4, il^Jfl^ixTv L M 3 

1 1 <7.) J: ^ ts:m'mw^)mi.^m^mi. i. . l m 3 1 
1 vcM.^^mm^hWrA'imimmi/zti^^x . =sf ^^n-v- 

^45 2iOMii^<7)mE(41t«tfS4 5 Scoe>#-^S$r 



D crnffii t°>-#^ 3 ^/r L T Alt) ai.t)«eruie 
>#-f-7 5rjiL-caj,t»§ii. -:^f>#-f-lfci:tX4{4 

5 8 (i . f 8 tfOmS*^'^ ^ N- V 4 5 2 (Cfaii $ 
il7t::g;'v«ffiiO t P m'-- tr v^- i-'y-TT'^) ^: tcjE 

4 6^im'ri>. «yKS4 5 80tr>S#7{C^$tl 

T^ni/$ijfpfi4 4 4 ^^hru-^mm4 4 

[0087] ^31Z. r^a^-$iJtPfl4 4 4{4:/^-^ 

mm4 46^mmL. '^tnzx*)ru-^mm4 4 6ii 
xr-ii- 1 6 timmth ^mmm^ t ^^^-^ > 
^4 4 0^^(^<Dm^izjicmixm±-t^y^u-^i]ix 
r-7n 6 tcEpjn-r^ . m7mmmmmizi5\^x . zti 

i±. =^^>'<i^^'4 6 0tiJ:lX®tn:4 64, 4 6 2SrfflV^ 

W^Lfciotc. -H.h->'3i7)||ff 

3&Jfcfy8<0^^^N*i^^'4 5 2crim^m<omS. (^-vXt^ 

iR^ixtz^-<—i^>^-i-'^Xim^txX Ltot. im 
Sff4 5 8{4Sj5i4 6 4 SrS^T^-rvti^^ 4 6 0^\^ 
5^$rt>'##7tc^^-ri.. ^A'>'N'i';5'4 6 0*<5t 
mt-.i.(:oix, =3f^^N'i--^4 6 0c7>MigH<7)mff{iJi::'^ 
•t^. 4 6 0COm^W\COZcr>mKli±y]^—^ 

mm4 4 6 izmi^ix^, , ^a-^n-v 4 e o c7)i^sstfOJi 

::*:-ri.m£E{4, ^^-=^11^4 4 6;i>^lS:4 6 2 S-^L 
Txr-;H 6 t^itfl) 3^1^-=^ f'^ffl^Ji:^-^-!. J: 3 {3 
=¥^1t44 6tcJ:0ept»n§ixl.yw-=^ 
^i(±7>-^^li4 4 6tcEnjD$ix.g.«a:tcj:bWt-^, 

ES^O0!|^6t,|||iJgSllC*5V^T , ffifiL4 6 2{4lil^c7)ffi 

iJiffi^* t , -:^ffitn:4 6 4 im%^(ntmmi^-t^ . 
mtA4 6 4 , im^ziiTt^T-yi^ 3 ^~i^<om.um^x 
■ti>ztii. Ti-vi^^mm^4 4 4 ^xy-ji- 1 eco^ 

-^Ij^liAf J; ^ 7'lx-df^m4 4 6 t:%m-t^Wl 

'^^mm-i> . mc4 e 4 <7)mMm:^^±^ < ^j:ixim^ 

iit't-tt't^-^J^i^-^4 6 0<D^m.im^<'OL, ^ 

mi4 6 4cDmM.nmmmi±^x'mm-^mx'hh 

■Ittmt L\.\ fmt LX. ffifit4 6 4c7)«^flmfit 

ma. v>f i^orn-fe yvco^ 0 ^mcDum^izx 

mmizmx.i^ixXi:>^VK tmttx. ®Ja4 6 2*3J: 

z/4 6 4 (4 . M.mtzm^<^mm']imm^^'rh ± a tc 

[0088] yu-=3r^1S4 4 6{±, -fey^f 4 4 0*»^> 
<7):&J«BSs£SSri**Bl(c:ilSESdi[tcEsl^4 4 2lcJ: 0^ 
m$ixT L 4 a c7)T'7'P-^iSlll4 4 6*^':$m<0Sg£fl 

r'j-y>'^m\'^x\.^^j^^m^^xy'u-^mm2 4eiz 
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^i^^b{±la7Cll*$^^•C^'>?.'^"/ ^7-yi^AE6 

••' i- 3. PA± V .7. 7^ A 4 1 2 i d izm^-th . 9 ^ 

••/■^-2 6iO}f LTWi. X-f •y^470^f'Pi!)L. >'< y 
7 •/ > j.|56jh> XxjU4 1 2 $:f^Jrf--l> . X-f v f-4 

iiti^Th T J: t . —MM 0 ^ x -r >' ^' $ it i. 

4 4 2t;'J-FtS2 7 1 ^^rLXm^tt?>. ^dSS^'J 
•yi''4 4 2{i:, ^mMi^i. itl^4 5 SfcilArJ^-f :t 
-K4 5 0tcjll^.ii^fiBEm^t::^-r^. xr-;H 

-(5r-H4 5 0$:^L•C^-r''^°i^r$'4 5 2tzil/in^. 
-e^^^c, ^A'VtvJ'4 5 2<7)pi^SiO«E{i4^ciM::fc: 
■fS . -'B.7.y'-/l 1 6**ia 1 0 l,Zt5if^}^A 7 2 iZX 

'o^^ix^mizm^^mi.zmmtxLt o t , xy-n 
xm^^tih'^^&m^'th. ■fe>-!f4 4o*>/o^ft 
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1. Title of Invention 

BAIT CAST CONTROL FISHING REEL 
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2. Claias 

1. A fishing reel coroprising: 
a frame; 

a spool routably coupled to the £rame; 

a sensor configured to gcacratc spool rotauon signals repiesentiDg 

rotation of the spool over time; 

a controller cowpied to ihe sensor and configured to compare the spool 
rotation signals to identify a peak time at which the spool has a maxmuim rotational velocity 
and to generate a biaJdng signal after die peak rime has been identifLed; and 

a braking mechanism coupled to the frmc and configured to apply a 
braking force lo the spool to slow Tocation of the spool in response to the braking sigiul from 
the microprocassor. 

Z The fishing reel of claim U wherein the coatioHBr is configured to 
generate braking signals to cause the braking mechanism to apply an increasing braking fbrce 
to the spool in response to the spool rotation signals representing a decreasing rotational 
velocity of the spool. 

3- The fishing reel of claim I, wherein the braking mechanism includes: 

at least one magnet having a magnetic Btid coupled to a first one of die 

frame and die q>ool; and 

at least one electroconductive member coupled to a second one of the 

frame and the spool, wherein said at least one electroconductive member is ai least partially 

positioned within the magnetic field. 

4. The fishing reel of claim 3, wherein said at least one magnet is coupled 
to the spool for rotation with the spool and wherein said at least one electroconducnire 
member is coupled to the frame. 
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5. The fishing reel of claim 3. including at least one electrical icsiator 
coupled lo said at least one electrocanductive member, wherein the electrical lesisior has a 
resistance such thxi relative xnovwrxent of said at least one magnet and said at least one 
clcctroconductivc member is retarded. 

6. The fishing reel of claim 5. wherein the re$istancc is less than or equal 
to approximately 100 ohms. 

7. The fishing reel of claim 3, wherein said at least one electrcx:ondnctivc 
member is nonmagnetic. 

8. The fishing reel of claim 3, including a power semieonditctor device 
elecuically coupled to said at least one clcctroconductive member and tbc naicropioccssor, 
wherein the power semiconductor device has a resistance which may be selectively varied 
firom a Orst upper resistance value such that the magnet and the electroconductive member 
moves'substantially freely relative to one another and a second lower resistance vahie such 
that movemoit of the magnet and the electroconductive member relative to one another is 
retarded. 

9. The fishing reel of claim 8, wherein the power aemicondoctor devii^ 
comprises a transistor. 

10. The fishing reel of claim 3» including at least one electrical resistor 
coupled to said at least one electroconductive member, wherein said at least one resisior has a 
resistance such that movement of the magnet and the elecsroconductive member relative to 
one another is retarded. 

1 L The fishing reel of claim 10, including means for electrically coupling 
and de-coup ttng said at least one resistor to said at least one ctectrocoaducavc member. 
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12. The fishing reel of claim 10, including a microprocessor coofigixsed to 
selectively couple and d^-covple said at least one resistor and said at least one 
eleciroconductive member. 

13. The fishing reel of claim 10» wherein said at least one electrical resistor 
comprises a power semiconductor device and wherein the fishing reel includes a capacitor 
electrically coupled to the power semiconductor device having a variable resistance such that 
as the capacitor charges, the electrical resistance of the power semiconductor device decreases 
to increase the braking of the spool by the braking mechanism. 

14. The fishing reel of claim 10» including means for selectively inereasing 
and decreasij^ bralcing of the spool by the braking mechanism. 

15. The fishing reel of claim 14, wherein the means for selectively 
increasing and decreasing braking of the spool by the bralcing mechanism includes means for 
adjusting proximity of said at least one magnet and said at least one electroeonductive 
member. 

16. The fishing reel of claim 14, wherein said at least one electzoconductive 
member comprises a plurality of distinct electroconductive membflrs positioned within the 
magnetic field and ^t^iertin the means ftx selectively increasing and decreasing braldng of the 
spool includes means for sdccuveiy coupling and do-coupHng each of the plurality of 
electroconductive members individually to said at lease one resistor. 

17. The fishing red of claim 16, iii^eFetn the means for selectively 
electrically coupling and de-coupling' eadi of ihe plurality of dcctroconducdve members 
individually to said at least one resistor comprisefi the controller. 
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18. The fishing reel of claim 17» vrhercm the controllef selectively couples 
and de-coupte each of the plurality of eledrocondiicuvc members to said at least one resistor 
bued upon signals from the sensor. 

19. The fishing reel of clAim H. wherein the means for selectively 
increasing and decreasing ihc brafciag of the spool by the braking mechanism includes means 
far varying the electrical resistance of said at least one electrical resistor. 

20. The fishing reel of claim 19. wherein said at least one electrical re«stor 
comprises a power semiconductor device and whetein the means for selectively increasing and 
decreasing the braking of the spool comprises a controUer ccaafiguted to transmit varying 
voltage cociiFol signals to the power semiconductor device. 

21. The fishing red of claiin 13, including means for aclectively inereamg 
a rate at which the braldng of the spool is increased 

22- The fishing reel of claim 14, ttrtierein said at least one electrical xesistot 
comprises a power semiconductor device and wherein the means for selectively increasmg and 
decreasing the braking of the spool by the braking me eh animn conjprises a microproccasor 
configured for transmitting varying pulse-widlh modulated volUge comrol signals to ttic 
power semiconductor device. 

23. The fishing reel of claim 10, wherein said at least one electroconduclivc 
member comprises ar least one electricaily conductive coit 

24. The fishing reel of claim 10, ineluding at lesist one capadtor electrically 
coupled to said at least one electroeonductive member. 

25. The fishing reel of claim 10, including a capacitor electrically coupled 
to said at least one electroeonductive member and electrically coupled Co the microprocessor. 

J-- 
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26. The fishing reel of claim 25, inctuding an electronic display configured 
to prcsciii visual information, whcsrein ihe capacitor is electrically coupled to porwcr the 
electromc display. 

27. The fishing reel of claim 26. wherein the elcctromc di^lay comprises a 
Ug^t emitting diode. 

28. The fishing reel of claim 1* wherein the sensor includes: 

a magnet having a magnetie field coupled to a first one of the fiame 

and ihe spool; and 

a electroconductivc member coupled to a second one of the ftame and 
the spool v^erein the clectroconductive member is positioned within the magnetic field. 

29. The fishing reel of claim 1» wherein the sensor comprises a Hall Effect 
senior clement. 

30. The fishing reel of claim 1, wherein the controller comprises a digital 

controller. 

31. The fishing reel of claim 1, wherein the controller comprises an analog 

controller. 

32. The fishing reel of claim I, wherein Che controller generates the hraldng 
signal in response to the spool having a rotational velocity of a predetermined percentage of 
the maximum rotational velocity. 

33. The fishing reel of claim 32. wherein the predetcnnxned perccni^ is 

adjustable. 

34. A fishing reel comprising: 
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a frame; 

& spool rotatably coupled to the frame; and 
a braking mech^sm including: 

lease one magnet having a magnetic field coupled to a fast 

one of the frame and the spool; 

at least one electroconductive member coupled to a second one 

of the frame and die spool u/ithin the magnetic Held; and 

at leAst one electxicai resistor coupled to said at least one 
electroconductive member, wherein the electrical resistor has a resistance such that relative 
movement of said at least one magnet and said at least one electroconductive member is 
retarded. 

35. The fishing reel of claim 34» wherein the rcMStancc is less than cr equal 
la approximately 100 ohms. 

36. The fishing reel of claim 35, wherein said at least one elcctrocoaducdve 
member comprises at least one electroconductive coiL 

3'7. The Ushixig reel of claim 35, including means for selectively anhiaring 
the braking mechanism, 

38. The fishing reel of claim 37, wherein the meaxis for selectively actuating 
the braking mechanism includes means for selectivdy coiM>ling and de-coupling said at least 
one electroconductive member to said at least one resistor. 

39. The fishing reel of claim 38, wherein the means for selectively coupling 
and de-covpEing comprises a microprocessor. 

40. The fishing reel of claim 34, including means for selectively increasing 
and dccrcasiiig braking of the spool by the braking mechanism. 

7 
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4L The fishing reel of claim 40, wherein the meaiw for selectively 
increaaing and decreasing braking of the spool include means for adjusting proximity of said 
at least one electrocondoctive member and said at least one magnet 

42. Hie ii&hing reel of elaim 40, wherein said at least one electraconditctive 
member includes a plurality of distinct c!ectroconductive members and wherein the means for 
selectively increasing and decreasing braking of the spool taclude means for selectively and 
individually coupling and dc-coupJing each of the pluralicy of dectroconductive members to 
the electncal resistor. 

43. The fishing reel of claim 42, wherein the means for selectively coupling 
and dc-eoupling each of the plurality of dectroconductive members comprises a 
microprocessor. 

44. The fishing reel of claim 4^, including a sensor for generating signals 
repiesenting rotation of the spool over time, wherein the microprocessor is configured to 
electrically couple each of the plurality of elcctroconductxve membcis, mdividually, to the 
eiectheal resistor based upon signals from the sensor. 

45. The fishing reel of claim 44, n^erein the mlcrc^ocessor is configured 
to con^arc (he signals to identify a peak time at which the spool has a maximum ro t a t i on a l 
velocity and wherein the microprocessor ss configured to couple at least one of the 
dectroconductive membei? to (he electrical resistor after the maximum velocity has been 
idcntined. 



46. The fishing reel of claim 45, wherrin the cnicroprocessor is configtired 
to couple additional electroconductive members to the electrical resistor in response co the 
signals^ representing a reduced rotational velocity of the spooL 
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47. The fishing rceliof claim 40, wherein said at least one electrical resistor 
inciudes ai least one power semiconductoT device having a controllable resistance and wherein 
the means for sclcciivcly increasing and decTcasing the braking of the spool by ihe biakmg 
mcchairism includes means for transmitting a variable control voltage to ihc power 
semiconductor device. 

4S. The fishing reel of claim 40, wherdn said at least one electrical resistor 
includes at least one pcw^r scrmcondnctor device having a controllable electrical resistance 
and wboein the means for selectively increasing and decreasing the braking of the spool by 
the braking mechanism includes means for transmitting a controllable pulse-width nodulated 
voltage control signal to said at least one power semicondnctor device; 

49. The fi5hing reel of claim 34, including a ca^adtor electrically coupled 
to said ai least one clectrocondnctive member. 

50. The fishing reel of daim 43, ulcluding a capacitor electrically coupled 
to said at least one electrocGnductive-mcmber and electrically coupled to the microprocessar. 

51. Tho fishing reel of ckun 50, tocUiding an electronic display eonfignzed 
to present visual information, wherein the capacitor is electrieally coupled to Ihe electronic 
display to power the electronic display. 

52- The fishing red of claim 51, wherein the electronic display comprises a 
light emitting diode. 

53* A fishing red comprising: 
a &iunci 

a spool rotatably coupled to the frame; 

at least magnet coupled to a first one of the frame and the spool; 

f 
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at least one electzocooductive member couplect to a Mcond one of the 
fr«»e and the spool; and 

an ckctrical component electrically coi^lcd to said &t least one 
electroconducdve member, wherein rotaiion of the spool electrically powers the electrical 
component. 

54. The fishing reel of claim 53, including an electrical storage device 
electrically coupled to said at least one electroconductive member. 

55. Tlie fishing reel of claim 54, whcreiiL the oleclzical afoiage device 
compile a capacitor. 

56. The fishing reel .of claim 53, wherctn the electrical component 
comprises a microprocessor* 

57. The fishing reel of claim 53, wherein the electrical component 
comprises a light emitting diode. 

58. A fishing reel comprising: 
a fiame; 

a spool rocatably coupled to the frame; 

a braking mechanism coupled to the frame and configured to apply a 
braking force to the spool to slow rotation of the spool upon beixig actuated; 

a sensor configured to generate spool rotation signals representing 
loutiona] veJodiy of the spool; 

a device coupled 1o the sensor and configured to conotpare the spool 
roiation signals and to generate a braking signal upon identifying a decreasing rotational 
velocitjr of the spool; and 

a switch coupled to the braldng meebaniam and configured to actitatd 
Che braking mechanism m response to the braking signal from the comparator. 

iO 
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59. The filing reel of claim 58, further including a memoiy derice for 
storing the signals representing roiatiaial velocity of the spool. 

60- The fishing reel of claim 5S, whcrcia the mcmoiy device includes a 

capacilor. 

61- A jnethod for preventing backlash during a cast of baits and hires from 
a spool of a bait cast fishing reel, the method comprising: 

generating consecutive signals representing rotational velociiy of the 

spool; 

comparing the eodtKccutive sigaaU 10 identify a pealc dme when the 
spool is rotating with a maximum velocity; and 

applying a braking force to the spool after the peak time. 

62. The meihod of claxm 61, wherein the step of applying a braking force ta 
the spool indwies applying an incxeasing braking foice to the spool as the rotational valocity 
of the spool decreases. 

63. The method of claim 61. wherein the fishing reel includes a fiame^ at 
least one magnet having a magDcttc field coupled to a first one of the frame and the spool and 
at least one clectroconductive member coupled to a second one of the frame and the spool 
within the magnetic field; and wherein the step of appljring a braJdng forc« lo the spool 
includes the step of electrically coupling said at least one of the electroconductive members to 
an electrical resistor. 

64. The method of claim 63, including the step of applying a braking force 
to the spool from a start of the cast until a predetennined time after the start of the cast and 
before the peak time. 
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65. The method of claim 64, wherein the predetarained time occozs Vfbai 
the spool had a rotational velocity c<iual to a predetermined value. 

66. The method of claim 64, wherein the {Redetermined time occots whss a 
prcdetenmned period of time has lapsed since the start of the ca5t. 

67. The method of elaim 61, wherein the £^g red includes a tone, at 
least one magnet having a magncdc field caupled to the first one of the frame and the spool 
and at least one electroconductivc member coupled to a second one of the frame and Che spool 
within the ma^edc field; and wherein the step of applying a braidng force to the ^ool 
includes the step of electrically coupUng additional electroconductive members to an electrical 
resistor as rotational velocity of the ^ocl decreases, 

6S. The method of claim 61, wherein the fishing reel xnchides a frame» at 
least one magnet having a magnetic field coupled lo a first one of fhe fiame and ibc spool and 
at least one electroconductive member coupled to a sccotid one of the firame and the spool 
within, the magncnc field and electrically coupled across the resistor element having a 
controUable resistance; and wherein the step of applying a braking force to the spool inrlndea 
the step of decreasing the resistance of the power semiconductor device as the rotalional 
velocity of the spool decreases. 

69. The method of claim 61> wherein the fishing reel includes a &ame, at 
least one magnet having a magnetic field coupled to & first one of the frame and the spool and 
at least one electroconductive member coupled to a second one of the frame and the ^ool 
whhtn the magnetic field and dectrieally coupled across the resistor element having a 
controUable resistance; and wherein the step of applying a braking force to the Spool includes 
the step of transmitting a pulse*widtb modulated contro! signal to the power semiconductor 
device. 

/2 
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3. Detailed Description of Invention 

FIELD or THE INVENTION 

The present mventtan related to fishing reels. In particular, the pctsmt 
invcniion relates to devices and systems for preventing backliish dining a cast of a bait or toe 
from a qjool of a fistung rceU 

BACKGROUND OF THE INVENTION 

Dining casting of a bait or Imc connected to a fishing line, the velocity of the 
bait or lure and the interconnected fishing line accelerates to maximum and then decetemcs 
until the bait or hjrc hits the water. During the cast, the spool carrying the fishing line is 
allowed to rotate to release the fishing line. Bacldash occurs vhen the spool rotates and 
releases fishing line at a rale faster than the velocity of the bait or hire and line. Backlash 
often occurs during deceleration of the bat or lure and line or after the bait or lure and toe 
hits die water. As a result, the excess line released from the spool accumulates and tangiea 
aroimd the spoat. within the reel and about the opening of the leeL 

Vatiotis devices to prevent back;lash have been developed. These devices 
typically include a braking mcchamam that applies a braking ^e to the spool to iloiv 
rotation of the spool and ihe release of fishing line from the spool Conventional braking 
mechanisms typically rely on friction or magnetic fields to biake the spool. Brddng 
mechanisms employing ftiction typically move a fiiction brake coupled to the rotating spool 
into physical contact with a starionary ftiction surface to slow rotadon of the spool 
Conventional braking mechanims move the fiiction brakes using either centrifugal force or 
dtcctriiiaUy powered motora. Fishing reels utilizing cimtrifugal force typically sHdably support 
the fiiction brake on the spool opposite a statjonaiy fiicdon surface on the reel frame. 
Centrifugal fbrce exerted upon the brake slides the brake towarda the opposing statioaaiy 
fiiction surface to reduce speed spool rotation. Ahcmatively, other conventioaal fishing reels 
utilize electric motois which move fiicdon brake members into engagement with the 
stationary fiiction surface. 

/J ■ 
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BrakiJifi mechanisms employing magnetic fields lyptcaily utilize opposing 
magnetic members coupled to the rotating spool and ihc reel frame surtounding the spool to 
create eddy currents that slow rotation of the spool. In some rceb, an electric motor is used 
10 move the opposing magnetic inembers relanve to one anoiher to initialc and teiminate 
braking of the spool. 

Botfi types of braking mechamsms have several dzawbacics. Braking 
mechanisms employing electric motor? to move friction brakes or magnetic members relative 
to one another arc more complex, costly, difiicult to manufacture and less durable. Braking 
meclianisRis employing centrifugal force inherently apply a maximum braking force to the 
^ool when the spool rotates with a maximum velocity. As a result, braking mechanisms 
relying on centrifugal force for actuation reduce easting distance. 

Conventional backlash preventing devices utilize various different criteria for 
deierniiTung whca to apply a braking foree tt> the spooL Aa discussed above> brakix^ 
mechanisms utilizing centrifugal force to actuate cither the fidction or magnetic brakes 
inherently apply the maximum braldng force to the spool when the spool is rotating with a 
maximum velocity. This reduces casting distance. 

Alternatively, other backlash preventing devices actmtte the braking mechanism 
utilizmg preset valves. For example, in one sudi backlash preventing device, roution of the 
spool is automatically braked when a prcdctcnmned time has elspsed from the start of the 
rotation of the spool. With another such backlash prevcndng device, braking of the spool 
occurs when the rotational velocity of the spool exceeds the preset value of a piedetennined 
amount. Because such backlash prevendng devices actuate braking of the spool based on 
preset values, such backlash preventing devices do not adapt to different casting conditions, 
including different environmental conditions such as wind, different equipment such as 
different lines, lures and equipment and different users of the reek 
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Another type of backlash preventiiig device actuates the lnBldne mechamsm 
based upon a companson btrwccn ihe axnounc of line passing a particular point on the fod and 
the amouni of line being released from the reeL Yet another type of backlash preventing 
device actuates the braJcing mechanism based upon die slope of the fishing line between the 
reel and ihe shaft. Although such backlash preventing devices arc somewhat more adaptable 
to vaiying casting condiiioiis« such backlash preventing devices are complex and relatively 
expensive. 

As a result, there is a continuing need for the braking mechanism for a 
backlash preventing device which requires few, if any, naoving parts, which ia simple and 
easy to manufacwrc and which is comiollable. There is also a continuing need for a badda&h 
preventing device which automatically adapts so varying casting conditiona and which is 
simple and easy to manu&eture and use. 

SUMMARY OF Hre rPfVENTION 
The present invention is <tireeted to the fishing reel including a frame, a spool 
rotatably coupled lo the frame, a sensor coupled to die firamc. a micrtiprocefisor coupled to the 
sensor and a braldng mechanism coupled to the frame. The sensor is configured to geoente 
spool rotation signals representing rotation of the spool over timp. The microproccasor is 
configured to compare the spool rotation signals to idoitify a peak time at which the spool 
has a maximum rotational velocity and to generate a braking signal after die peak time has 
been identified. The braking mechanism is configured to apply a braking fo«:c to the spool to 
slow mcaticn of the spool in rc^xxnse to the braking signal from the mictoprocessor. 

In accordance with a first aspect of the present invention, the microproeesaor is 
configured to generace braking signals to cause the farakmg mechanism to apply an increasing 
braking force to the spool in response to the spool rotation signals representing a decreasing 
rotational velocity of the spool. 
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In accordance with a second aspect of the present invemion, the braldng 
mechanism includes at least one magnet having a magnetic field coupled to a fint one of the 
frame and the spool and at least one clcctroconducdvc member co\^led to a second one of tixe 
frame and the spool, wherein said at least one elcctroconductive member is ai least paitially 
posirioned within die magneue field. To fadlltatfi free rotation of the spool when the braking 
mcchanisin is unactaatcd» said at least one clectroconductive member is preferably non- 
magnetic to avoid the creation of eddy cuirenis. Preferably, said at least one magnet is 
coupled to ihc spool for rotation with the spool and wherein said at least one 
clectroconductive member is coupled lo the frame The ilahing reel preferably includes at 
least one electrical resistor coupled to said at kast one magnetic electzoconductive member, 
wherein said at least one resistor has a resistance siuh thai movement of the magnet and the 
clectroconductive member relative to one another is retarded. The fi s hhig reel prefeiably 
includes means for electrically coupling and decoupling said at least one resistor to said at 
least one elcctroconductive member. Preferably, the fishing reel includes a micropmcessor 
coofigoxed lo selectively couple and decouple said at least one resistor and said at least one 
electroconduccivc member. Alternatively, odier digital, analog oi hybrid components or 
combinations thereof may be utilized to selecdvcly couple said at least one resistor to said at 
least one electroconduclive member. 

According to a third a^ect of the present invention, the fi^'ng red includes 
means for selectively increasing and decreasing the braking of the spool by the braldng 
mechanism. The means preferably bcludc means for adjusting proximity of said at least one 
magnetic and said at least one electroconductivc member. In addition, said at least one 
eiectn^coiuhictivc member prefeiably comprises a plurality of distinct clectroconductive 
members positioned within the magnetic field, wherein the means for selcciivcfer increasing 
and decreasing braking of the spool includes means for selectively and individually coupUng 
and decoupling each of the plurality of elcctroconductive members to said at least one 
resistor. The means for electrically coupling and decoupling each of the plurality of 
electraconductive members individually to ssid at least one resistor piefeiably eomprises the 
microprocessor. Alternatively, said at least one resistor eomptises a power semiconduetor 
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device and Oic means for selectively increasing and deeieasing brakine of the spool inchufes 
means for transmitting a controlled varying control voUage to the power semieonductor 
device. In addition, the means for mcreasing and decreasing the braking of the spool may 
alternatively comprise a means for transmitting a pulse^width modulated connrol voltage to the 
power semiconductor device. The power semiconductor device preferably comprises a 
transistor. 

According » yet a fourA aspect of the present invention, the sensor inchides a 
magnet having a magnetic field coupled to a first one of the frame and the spool and a 
electroconductive member coupled to a second one of the frame and Ae spool. The 
clectroconductivc member is positioned wicbin the magnetic field. 

According to yet a filth aspect of the present invention, said at least one 
electroconducdve member comprises at least one electrically conductive coU. The fishing reel 
additionally includes at least one capacitor electrically coupled Co said at least one 
electroconductive member. Preferably, the capacitor is electrically coupled to the 
microprocessor. The capacitor is also preferably electrically coupled to an electronic di^lay 
configured to present visual information. The capacimr at least partiaUy powers the electronic 
display. Preferably, the electronic display comprises at least one ligJU cmitdog diode. 

The present invention is also directed to a Ikhing reel including a frame, a 
spool mtatably coupled to the frame and a braking mechanism. The braking mechanism 
ineludes at least one magnei having a magnetic field coupled to a first one of the frame and 
Che spool, at least one electroconductive member coupled to a second one of the frame and the 
spool within the magaetic field, and at least one electrical resistor coupled to said at least one 
electroconductive member. The electrical resistor has a resistance such (hat rclaiivc 
movement of said at least one magnet at said at least one electroconductive member is 
retarded. Preferably* said at least one electroconducdve member comprises at least one 
electroconductive coil. 

J? 



SIXDCID: <JP_411332436A_J_> 



(4 1 ) mn^f-l 1-332436 

According to a prefcficd aspect of the prcaeni invtitfioo, ihc fishing reel 
includes means for selectively actuating the brakine mechanism. The meana for (Selectively 
actuating the braking mechanism includes means for selectively coupling end decoupling said 
ai least one clcctroconductive member co said at least one rcsiwor. Preferably, the means for 
selectively coupling and decoupling comprises a microprocessor. 

Accofding to a second ptefenod aspect of the preaent invention, the fishing red 
includes means for selectively increasing and decreasing braking of the spool by the brakinfi 
mechanism. TTie means for selectively increasing and dccreaaing braking of the spool 
preferably includes means for adjustmg proximity of said at least one dectrocooductive 
member and said at least one magnet. In addition, said at least one clectroconductivc member 
preferably mdudcs a plurality of distinct dectroconductivc members. The means for 
selectively increasing and decreasing braking of the spool includes means for selectively and 
individually coupling and decoupling each of ihe plurality of electroconductive members to 
the electrical resistor. The means for selectively coupling and decoupling each of fhe plwality 
of the electroconductive members prcfisrably comprises a micropioceasor. 

According to a third preferred aspect of the presem invention, the fishing reel 
includes a sensor for gcneratins signals representing rotation of the spool over time. Tlw 
microprocessor is configured to electrically couple each of the plurality of electroconductive 
members, mdivldually, to die electrical resistor based upon signals from the sensor. 
Preferably, the micxoprocessor is configured to compare the aignals to identify a peak time at 
which the spool has a maximum roUtional velocity. The microprocessor is also configured to 
couple at least one of the electioconductive members to tiie dectukal resistor after the 
maumuin velocity has been identified. The microprocessor is flirther configured to couple 
additional electroconductive members to the electrical resistor in response to signals 
rqsresendng a reduced rotational velocity of die spool. 

According to a fourth preferred aspect of the present invention, tbo fishins teel 
includes a capacitor electrically coupled to said at least one elcctrocoodiictive member. The 
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capacitor is preferabry ctectrically coupled to the miCTOproecsaor. The capacitor is also 
preferably electrieatty coupled to an elecoonic display configured to present visual 
information. The capacitor at least panially powers the elccCronic display. Preferably, the 
electronic display comprises at least one light emitting diode- 

The piescnt invention is alao directed to a fishing reel inebiding a famt, & 
spool rotaiably coupled to the frame, at least one magnet coupled to a first one of tiie ftaxnc 
and the spool, at least one elecoroconductive member coupled to a second one of the frame 
and the spool, and an electrical component electrically coupled to said at least one 
electrocondoctive member. Rotation of ihc spool electrically powers the electdeal oompoaenl. 
The fishing reel also preferably includes an electrical storage device electrically coupled to 
said at least one clectroconductive member. In the preferred embodiment the electric 
component compnscs a microprocessor. The electrical storage device comprises a capacitor. 
The electrical con^aneot also compnscs a light emitting diode* 

The present invention is also directed to a method for preventing baekSaah < / 

during a cast of baits and lures from a spool of a bait cast fishing reel. The method includes 
the steps of generating consecutive signals representing rotation of velocity of the spool, 
comparing the consecutive signals to identify a peak time when rfie spool is roiadng wlHi a 
maximum velocity, and applying a braJdng force to the spool after the peak time. Preferably, 
the step of applying a brakins force fo the spool mcludes applying an increasing braking force 
to the spool as the rotation of velocity of flie spool decreases. 

According to one prefeired aspect of the method of the present invention, the 
fishing reel includes a frame, at least one magnet having a magnetic fiekl coupled to a first 
one of the fiame and the spool and at least one electmconductive member coupled to a second 
one of the frame and the spool within the magnetic field. The step of applying a braking 
force to the spool includes the step of electrically coupling said at least one elcctroconductive 
member to an electrical resistor. 

/? 
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According to yet another picfcired aspect of ihe method of Ihc present 
invention, the method additionally includes a step of applying a braJdng force to flic spool 
from a Stan of a cast until a prcdetennined time after the start of the cast and before the peak 
lime. In one embodiment, the predetemuned time occurs when the spool has a rotational 
velocity equal to a piedetcrmincd vaiue. In anottier embodiment, the predetennined time 
occnrs when a predetennined period of dme has lapsed since the start of the cast 



DETAILED DESCRIPTION OF THE PKEFERRED £MBODI^f£^^TS 
FIGURE 1 is a perspective view of an exemplaxy fishing reel 10 inohidine 
backlash prevention system 12. Fishing reel 10 comprises a bait case icel and generally 
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includes homing or frame 14. spool 16. spool drive means (not shown), drag means (not 
shown), Une guide 18, crwOc handle 22, drag control 24 and clutch 26. Frame 14 supports 
each of the remaining components of reel 10, including backlash prevention system 12. 
Frame 14 additionally houses and encloses the spool driving means, ihc drag means and 
backlash prevention system 12. As cap be appreciated, frame 14 may be made of various 
materials and msxy have a nralritode of ififfercnt sizes and shapes. 

Spool 16 is conventionally known and is roUtably coupled to frame 14. Spool 
16 is rotatably supported between opposing sides of frame 14 so « to rotate about an axis 
extending between opposing rides of frame 14. Spool 16 is also opcrably coupled to the 
spool driving moans and the drag means- Spool 16 is omfigarcd for caixymg ftshing li^ 
which is wrapped thereabout and which is threaded tiirou^ line guide IS- 

Lineguide Igextcndsat aforvardendofted 10. Line guide 1 8 inclndes an 
opening 28 through Which the fishing, line is threaded. In the en^odiment ilhistraied. line 
guide 18 rcciptocaies fiom side lo aide of frame 14 during the rotation of spool 16 and during 
the retrieve of fi^g line to evenly distribute die fishing fine across the widdi of spool 16. 

The spool drive means (not shown) is conventionaUy known and is operably 
coupled between spool 16, line guide 18 and crank handle 22. The spool drive means 
typicaUy comprises at least one gear train. Upon being driven by handle 22, the spool drive 
means rotates ^ol 16 and reciprocates Une guide 18 in a conventionally known manner to 
retrieve the fishing line. 

The drag xaeaxis (not shown) is convciitionally known and is c^exably coupled 
to spool 16, The drag means retards the rotation of spool 16 and me coiresponding release of 
fishing Unc ftom spool 16 in a conventionally known manner when clutch 26 is engaged. 
The extent to which the drag means retards the rotation of spool 16 is adjusted by drag 
control 24. 
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Clutch 26 is conventionally kaown and is operably coupled between the spool 
16 and both the spool drive means and the drag means. Clutch 26 includes ehitch lever 30 
which engages and disengages clutch 26. When clutch 26 is engaged* the spool drive means 
and the drag means are opmbty coupled to ^oot 16. As a result, rotation of handle 22 
rotates spool 16 to retrieve fishing line. At the same time, the drag mechanism retanis reverse 
rotation of spool 16 to release the fishing line. Oepressment of cluteh lever 30 disengages 
clutch 26 to uzaeottpb spool 16 from the spool driving means and the drag means* As a 
result, spool 16 is substantially free to rotate in the reverse direction to release fishing line 
such as during casting. During costing, unless appropriately brakod« spool 16 frequently 
rotates at a speed faster than the velocity of the bait or lure and tine being cast. This results 
in backlash. 

Upon being actuated, backlash prevention system 12 appHes a braking force to 
spool 16 to slow the rotation of spool 16 and to picvft&t backlash. Backlash prevention 
system 12 is preferably actuaied upon depressmem of clutch lever 30 and disengagement of 
clinch 26 by a conveoitonally known electrical or mechanical switch (not shown) coupled to 
clutch lever 30, Backlash prevention system 12 is imactnated npcm the reengagement of 
clutch 26, Alternatively, backlash prevention system 12 may be actuated or unacruated with 
other control buttons, levers and the like. Backlash prcventian system 12 is configured to 
prevent backlash, to automaiically adapt to varying casting conditions and Co maximize casting 
distance. 

FIGURE 2 is a schematic view illustrating backlash prevention system 12, As 
best shown by FIGURE 2, backla^ prevention system 12 generally includes sensor 40, 
tnicropzDccsscr 44. braking mechanism 46, energy storage and supply cireuit 48, electronic 
component 30. digital controller 52 and battery 56. Sensor 40 is located and configdx«d to 
sense rotation of spool 16 and to generate signals representing rotation of spool 16 over time. 
In the exemplary embodiment illustrated, sensor 40 preferably comprises at least one multiple 
pole magnet 60 coupled to spool 16 rotation with spool 16 and an clectroconductivc 
member 66 sii^oned within the magnedc £eld of the magnet 60. Elcctroconduccive member 
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66 preferably ccrniprises a coil on wmding of clcctroconductive material Rotation of spooi 16 
causes thfc magnetic field provided by magnet 60 to pcriodicAlty vftry. This change vx 
magnetic field induces sinusoidal pulses Oif electric current within member 6d represematihre of 
the roiadon of spool 16. 

Alternatively, sensor 40 may comprise other well-lcno^ sensing devices. For 
example, sensor 40 may aitcraativeJy comprise an appropriately situated light source, such aa 
a light emitting diode and a phoioconducuve sensor, wherein rotation of spool 16 canses to 
light received by the photoconduciive member to vary. In addition, sensor 40 may abo 
alternatively comprise magnet 60 used in coi\iunction with a magnetoiesisdve dement that has 
an electrical resistance which varies in response to changes in magnetic field such that signais 
representing rotatron of spool 16 over rime are generated by directing ciinent across die 
magnetofcsistive clement and sensing the change in voltage across the magnetoresistive 
element. .These aro but a few examples of alternative sensing devices which may be 
employed to generate spool rotation signals rupicsiaiting rotation cf the ^ool over time. 

Microprocessor 44 pre£sr^ly oomjmses a conventionally known procc^r chip, 
such as an Intel S0CI96, supported wi^n reel 10 and operafoly connected to sensor 40 and 
braking mechanism 46. Microprocessor 44 actuates braldng mechanism 46 based i^aon si goals 
from sensor 40. Microprocessor 44 acts as a counter, a timer, a comparator and a switch. As 
will be appreciated, each of these funcdotts provided by taiczoptoeessw 44 may aliemativ^y 
be provided by multiple microprocessor chips as well as other well known components which 
provide the same individual functions alone or in combinatioiL Serving as a counter and a 
timer, microprocessor 44 includes an elecoical resistor preferably having a large resiataoce cf 
approximately one megohm across opposite leads of member 66 whereby microptDCCSSor 44 
counte the pulses of electrical cuzrent across the resistor. To £acilitate counting, 
microprocessor 44 also preferably includes a conventionally known signal conditioning 
component which converts the sinusoidal pulses into square wave fonns (e.g.« an analog-to- 
digital coovertcrV Microprocessor 44 counts a number of pulsea received from sensor 40 
across the resistor during a predetermined time mterval to determine the rotational velocity of 
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spool 1<5 during Che particular rime interval. AUeimiivcIy, micropioccssor 44 may d<temiiie 
the rotational vclociiy of spool 16 during a particnlar time interval by sensing the voltage 
induced across its resistor which corresponds to the rotational velocity of spool 16. Sexving 
as a memory device, microprocessor 44 stores or records the rolationaJ velocity of spool 16 
for each time intcival. Serving as a comparaior. microprocessor 44 compares the rotadonal 
velocity of spool 16 during each consecutive lime interval to idcntily a inaximum rotatiooal 
velocity of spool 16 during a cast and to identify a peak lime at which spool 16 routes wiih 
the maximum rotational velocity. Serving as a switch* microprocessor 44 then actuates 
braking mechanism 46 based upon the identified peak time at a point in time following the 
identified peak time. Microprocessor 44 also actuates braking mechaniam 46 based on the 
identified maxtmum rotational velocity of spool 16. In the preferred embodiment 
microprocessor 44 includes at least one conventionally known solid state electrical switch, 
such as a transistor element, lo actuate braking mechanism 46. Alicinativcly* backlash 
prevention system 12 may additionally include mechanical switches which are clecnically 
actuated by microprocessor 44 to in turn actuate braJdng mechanism 46. Becanse 
microprocesaor 44 identifies the mascsmum lotadonal velocity of ^pool 16 for each individual 
cast and then utilizes the identified maximum rotational velocity and peak time as a basis for 
determimng when to actuate braking mechanism 46, microprocessor 44 consistently and 
accurately actuates braking mechanism 46 according to prcestabtisbed criteria independent of 
varying casting conditions. 

In addition to acniating braking mechanism 46, micrc^rocfissor 44 also connrols 
the araouni of braking force applied by braking mechanism 46 to spool IS based upon the 
maximtmi rotational velocity of spool 16 during the cast In particular, microprocessor 44 
controllably increases and decreases the amount of braking fi>rce generated by braking 
mechanism 46. As a result, the timing as well as the degree of braking applied to spool 16 
by braking mechanism 46 is precisely connolled to maximize easting distance while 
mitiiznizing the potential for backlash. 
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Braking mechanism 4<S apptics a btaking force to spool 16 to slow rotation of 
spool 16 in response to braking signals from microptoccssor 44. In the embodiment 
illustrated, braking mechanism 46 inciudes magnei 60, eicctroconductive members 66. 68, 70, 
72. 74, 76» 78. 80, electrical resisior 84 and capacitor 86- As, disctissed above, magnet 60 
preferably comprises a pcnnancnt multi-pole magnet coupled to spool 16 for rotation with 
spool 16. Magna 60 provides a magnetic field which is utilised ad part of braking 
mechanism 46 and senfior 40. Alternatively, separate and distinct magnets may be 
individually provided for sensor 40 and bratdng mechanism 46. 

Electroconductive racxabers 66-SO are made from an electrciconductive material 
and are supported adjacent to spool 16 within the magnetic field of magnet 60. 
Elearocooductivc members 66-80 aro preferably nonmagnetic to prevent uncontrollable and 
constani braking of spool 16 by icsulting eddy currents. Althoi^ clectroconductive members 
66-80 are ilJustialcd as encircling magnet 60, braking mechanism 416 may altcroativcly be 
configured such that magnet 60 encircles clectTOconductiye membexs 66*S0. 
Blectraconductive members 68-80 eaeh have a first porUon electrical^ coi^led to a first 
texminal of resistor 84 and a second portion electrically connectable to a second terminal of 
rosier 84 through microprocessor 44. 

ResiscoT 84 comprises a conventionally known electrical resistor eleciricaily 
coupled between the first portion of electrocondsctive members 66-80 and microproccsaor 44. 
Resistor 84 has an elcctricaJ resistance stich that relative movement of magnet 60 and 
members 66-80 is retarded or opposed by a non-deminimus force When microprocessor 44 
electrically couples members 66-80, hidividually, to the second terminal Side of re^stor 84. 
Resistor 84 creates a sufficient load acxoss members 66-80 such that members 66-80 fanpede 
rotation of magnet 60 and spool 16. Resistor 84 preferably has an electrical resistance of less 
than or «iual to about 100 ohms. As will be laiderstood by those in the art, die maximran 
resistance that resistor 84 may have to enable braking mechanism 46 to effectively retard or 
oppose the rotation of spool 16 will increase as the number of clectroconductive members 
positioned within the magnetic field of magnet 60 and electrically cotiplcd across resistor 84 
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arc increased. In the preferred cmbodimcms illustrated, the maxinstfm resistance of xesisior 84 
is much less than the relatively large resistance (usually a mpgphm) provided by the counter 
of microprocessor 44 to measure or count the frequency, voltage or current in member 66 to 
sense tfic rotational velocity of spool 16. 



Because braking mechanism 46 includes a plurality of electroconductive 
members 66-80» the braking force generated by braking mechanism 46 and appUed agamst the 
rotation of spool 16 may be increased from a nonzero value or decreased to a nonzero vahic 
to optimize the amount of hraldng force applied lo spool 16. Moreover, increasing and 
decreasing the braking force generated by braking mechanism 46 is sicnpiy achieved by 
selectively coupling and de-cou]^ing members 66-gO across resistor 84. Thus, braking 
mechanism 46 envies the braking force applied to spool 16 to be acmatcd and to be adjusted 
without requiring a motor or other moving components which arc generally less durable, 
consume* more space and arc more difficult to manufaeture. 

Although braking mechanism 46 is illustrated as including a pluralicy of 
clcctroconductive members 68-80 that are selectively and indivkJually clectncally coupled 
across rtsistor 84 by microprocessor 44 to selectively increase and decrease the braking force 
applied to ^)Ool 16 by braking mechanism 46, various other means for inereasing or 
dgTTrpasing the braking force ^licd by braking mechanism 46 may be employed. For 
example, in lieu of individually coupling and de-coupling members 68-80 across resi^r 84 to 
increase and decrease the braking force of braking mechanism 46, microprocessor 44 may 
alternatively decrease the electrical resistance of resistor 84 to increase the braking force 
created by members 68-80 of braking mechanism 46. For example, rensfor 84 may 
alternatively comprise a variable resistance potentiomctfir or transistor coupled to 
microprocessor 44, wherein microprocessor 44 controls the resistance of the transistor. As yet 
another altcmalive, resistor 84 may alternatively comprise a plurality of distinct resistors 
wherein microprocessor 44 cither coi^^les members 68-80 across a resistor having a lesser 
resistance to increase braking force or having a greater resistance to reduce braking force* or 
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electrically cpuplcs membeis 68-80 across a fewer nambcr of resistois to increase the liraloAg 
force or a greater number of lesisiors to rednce braking force. 

Although rcsisior 84 is illustrated as a conventional electrical tessistor. resistor 
84 may aUemativciy comprise an electrical component ox components that noc only provide an 
electrical, resistance but also uiiUze ihc energy. For example, resisior 84 may altsmatively be 
part of an electrical component such as a light emitting diode whereupon the Ught emittins 
diode emits Ught upon rotation of spool 16 when braking mechanism 46 is actuated by 
microptoccsaor 44 to electrically couple at least one of members 66-80 across the dectrical 
component. 

Capadior 86 provides a conventionally known capacitor electrically eo^^led in 
parsllel urith resistor 84. Capacitor 86 smoothes currcm peaks or fluctnaiions. 

Although braking meehaniim 46 is tlluscraced as txtilizias at least one magDcl 
having a magnetic field and coupled U3 a first one of the frame and the spooU at least one 
clectroconductive member coupled to a second one of the frame and the spool within the 
magnetic iicld, and at least one electrical resistor coupled to said at least one 
cicctrocdnductivc member, braking mechanism 46 may alternatively comprise any one of a 
variety of well-known alternative braking mechanisms such as those relying upon selective 
engagement of fricdon surfaces to brake the rotation of spool 16 or those relying upon a 
movement of oppositely siqiportcd magnets relative to one aimther to brake the rotation of 
spool 16. 

In addition to braking spool 16. braking mechanism 46 also converts the energy 
of rotating spool 16 into ekctncal energy which may be stored and used to power various 
electrical components. As a result, backlash prevention system 12 addidotiaily includes 
energy storage and supply circuit 48, Energy storage and supply circuit 48 ecnerally includes 
rectifier bridge 88 and capacitor 89. Recdfier bridge 88 converts die alternating cwrens 
induced witbin members 68-80 into a direct cmrcnt for chargmg capacitor 89. Capacitor 89 
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stores the electrical energy and is electrically coupled to conitaller 44, electrical componeni 
50. cMtroUcr 52 and battery 56. Digital coniroUcr 52 as weU as microprocessor 44 are 
electrically powered by energy generated by braking mechanism 46. ConiroUcr 52 preferably 
comprises a processor chip, such as an Intel 80C196, and controls electrical pomponait 50 
while electrically coupling electrical component 50 to braking mechanism 46. capadmr 89 
and battery 56. 

Electrical componem 50 preferably compiisea a plurality of Ught emitting 
diodes (LEDs) which provide the person fishing with a visual display. In the embodiment 
illustrated, digital controller 52 may bd selectivdy acftiated by the person fishing, such as by 
movement of a control switch, to provide the person fishing with various types of 
information. In particular, digital controller 52 is configured to alternatively control electronic 
component 50 to visually indicate the braking force ^plied by braking mechanism 46 (O 
spool 16 or the rotational velocity of spool 16 based upon signals received firom 
microprocessor 44. This visual indication is w^eved by digital coiwioUer 52 selectively and 
individually charging the light emitting diodes of dectronic component 50. 

Electronic component 50 may attemativcly comprise other electronic 
components as wclL For example, eleeironic component 50 may alternatively comprise a 
Uquid crystal display (LCD) coupled to digital controller 52 and configured to digitaUy 
dIspUy infannation such as the braking force applied by braking mechanism 46, the lotarional 
velocity of spool 16, tiiiie duration of ihe cast or the estimated distance of the cast as also 
calculated and provided by microprocessor 44. Electronic component 50 may also comprise a 
light source for ilhiminating reel 10 during night fishing. Because electrcuiic componem 50 as 
well as microprocessors 44 and 52 ace at least partially powered by the energy created by 
braking mechanism 46, die required dzc of batieiy 56 is reduced and the life of battery 56 is 
increased. 

Battery 56 is electrically coapted to microprocessor 44 and digital controller 52. 
Battery 56 powers controllets 44 and 50 during an iniiial cast or vhen energy stored witfaizi 
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energy storage and supply drcuii 48 is insufficient. Battery 56 is preferably a techar^ahle 
batteiy Uiat is electrically coupled xo bralcing mechanism 46 such that battery 56 is lechatged 
during the braking of spool 16 by braidng mechanism 46. 

FIGURES 3 and 4 farther illustrate baddash prevention system IX FIGURE 3 
is a sectional view of reel 10 taken along Une« 3-3. FIGURE 4 is a sectional view of ceel 10 
taken along lines 4-4 of nOURE 3, As best shown by FIGURES 3 and 4. backlash 
prevention system 12 is supported along one side of reel 10, In particular, magnet 60 is 
mounted to an axial face of spool 1<5 while electroconductivc member 66 of sensor 40 and 
electioconductivc members 68, 70, 72. 74, 76, 7S and SO of braking mechanism 46 axe 
coupled to ftnine 14 cireumferenttally spaced about magnet 60. Eleetroconductive membexs 
66, 68, 70, 72, 74, 76, 78 and 80 preferably comprise electrocondnctive coils supported by 
fiarac 14 about magnet 60. Each of members 66-80 is electrically coupled to microprocessor 
44 by elcctiicaJ conductors 90. Microprocessor 44> digital contra Uer 52, resistor 84 and 
energy storage and supply circuit 48 arc in turn dectricatty coupled to one another as shown 
in FIGURE 2 by circuit board 92 which is mounted to the imenor sui&ce of frame 14. As 
can be appreciated, the physical embodiznent of the eieemplsiy schemactc layout illustrated in 
FIGURE 2 may have various altemacive sizes, configurations and locations to reduce costs or 
to reduce space lequtrements. 

As fiirthcr shown by FIGURES 3 and 4, baeklash prevention system 12 
additionally includes a manual adjtistmcnt mechanism 96 for enabling manual adjusunent of 
the braking force ^plied by braking mechanism 46. Manual adjustment mechanism 96 
generally includes caizier guide 100, fasteners 102. canier 104, knob or dial 106, bearing 108 
and seal 1 10. As best shown by FIGURE 4, canier guide 100 is a generally annular ring 
mounted to frame 14 by fasteners 102. Guide 100 encircles canier 104 and includes two 
opposite inwardly projecting keys 1 14. 

Carrier 104 is a generally anmilar shaped member inehiding exterior key ways 
116 which maiingly receive keys 114 of guide 100 to guide movement of carrier 104 axiaHy 
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towards or away from magnet 60. Carrier 104 additionally includes a plaraiity of ootwanUy 
cxiending dcicras 11 B along its iimer circnrnfercmial suxface and an cxorior Clueaded ponion 
120. Detents 11 & are circumfcwntially spaced about the itujer circumfcrcntul surface of 
carrier 104. and are sized for receiving and carrying dcctroconductive menabets 66, 6&, 70, 72, 
74, 76, 7S and 80 within the magnetic field of magnet 60, As can be appreciated, 
dcctroconductive members 66-80 may be attached lo carrier 104 by any cmB of a variety of 
alternative mounting arrangements. Exterior threaded portion 120 extends aboin an cwr 
ctfcumferential surface of carrier 104 and within dial 106 so as to threadably engage dial 106. 

Dial 106 is a generally circular cap projecluig througb frame 14 for 
manipulation by the person fishing. As best shown by FIGURE 4, dial 106 includes inner 
bore 122« rim 124 and interior threaded ponion 126. Inner bore 122 concentrically extends 
into dial 106 and receives bearing 123. Bearing 123, preferably a bushings mouals within 
bore 122 and receives spool shaft 128. As a result, dial 106 rocases about the axis of spool 
shaft 128. 

Rim 124 is integrally fonned widi dial 106 and radially esctends outwazd lo 
oppose an inner surface of frame 14. As a result, iramc 14 engages rim 124 of dial 106 
while the axial end of spool shaft I2S engages the axial end of bote 122 to axiaJIy maintain 
dial 106 relative to frame 14. Seal 1 10» preferably an annular gaslQetr is fitted becweca frame 
14 and rim 124. Seal 1 10 and rim 124 prevent water and other contanunants from entering 
reel 10 about dial 106. 

Interior dueaded portion 126 of dial 106 extends along an inner cixcumferential 
surface of dial 106 opposite and in engagement with exterior threaded portion 120 of carrier 
104. Because dial 106 is axially fixed relative to frame 14. lOUtion of dial 106 eauses carrier 
104 and eiectroconductive members 66, 68, 70, 72, 74, 76. 78 and 80 to move along the axis 
of spool shaft 128 towards or away (torn magnet 60, Movement of eiectroconductive member 
68*80 towards spool 16 and towards magnet 60 increases the bcaldng force applied to spool 
16 when members 68-80 are cleetrically coupled across resistor 84. Conversely, movemem of 
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members 68-80 away from spool 16 sad away from magnet 60 reduces the boking foicc 
applied tO' spool \6 by members 68-80 when tncmbcia 68-80 axe electrically coupled across 
resisior 84. Thus, manual adjusancsnc mechanism 96 enables a peraon fishiDg lo individually 
adjtts: ihe.extent of braking assistance provided by backlash prevention systan 12 dcpendiog 
upon ihe int^vidiial^s skill level or the particular casting condctiQDs. For exaznple« matmal 
adjusimem mechanbtn 96 enables a beginner to maximize the aznount of braking assistance 
provided by backlash preventioii system 12 and also enables an expert to reduce or even 
eiiiainare the fimount of braking assistance providGd by backla^ prevention system 12. As 
shown by FIGURE I» the exterior sur^e of frame 14 adjacent dial 106 preferably includes a 
pluraliiy of graduation marks or indices 136 to indicate to the person flsbing the location of 
members 66*80 relative to magnet 60 and (he corresponding degree of braking asaistaoce 
provided by backlash prevention system 1 2. As can be appreciated, various other marking 
^tems, such as those using different color bands representing diffident skill levels, may be 
utilized. 

FJOURES 5 and 6 illustrate a typical cast of a bait or fure and line wt& 
backlash prevcndoz} system 12 vnacm&ted and the same cast with backlash preventian system 
12 actuated. FIGURE 5 graphically illustrates the velocity of ^lool 16 over time (as iiuiicated 
by solid line 150) and the velocity of the bait or line and fisihing line (as indicated by dashed 
line 154) over time. Although the exact slope and magnitude of 150 and li4 as well as the 
spacing between lines ISO and 154 wiU vaiy to some extent depending upon (he parttcttlar 
casting conditions, the particular equipment and the particular individual making the cast, the 
speed of the spool and the speed of the bait or lure and line over time gcneiaily tncxeaae and 
decrease' according to the grsphical ilhxsnration of FIGUIEUE 5 absent any braldng. 

FIGURE 5 represents a typicai cast of a bait or lure aod line without 
interterence from large winds, trees or other obstacles which wouki otherwise drastically 
impact the velocity of the bait or lure and line over time. As ^own by FIGURB S, it has 
been discovered that at the beginsing of the east, the initial whip of the fishmg rod eauaes the 
bait or lure and line to initially yank on spooi 16 which causes spool 16 to over-rotate at a 
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velocity greazer than the velocity of the bait or lure and fishing iine. Hiis difiexence between 
ihe rotational ve!cci^ of spooi 16 and die bait or iwre and line is depicted by the separation 
of lints i 50 and 154 at Che beginning of the cast just after time TO. As a result, this 
difference between the rotational velocity of spool 16 and the speed of the bait or hire md 
line may cause backlash of (he nshing One released torn spool 16 adjacent reel 10. 

Shortly afr^r the start of the cast, the veloci^ of the bait or lure and line and 
the rotational velocity of spool 16 will become approximately equal and then will contiznie to 
accelerate at the same rate until reaching a peak (generally indicated at point 1 58). Although 
lines U4 and 158 are shown individually for the sake of clarity, it is to be understood that 
lines 154 and 158 will overbp when the velodQr of the bait or lure and fiMng line is the 
same as ibe rotational velocity of spool 16. After a peak or maximum velocity is 
simultaneously attained by both ^ol 16 and the bait or lure and line, the rotadonal velocity 
of spool 16 and the velocity of the bait or lure and line begins to decelerate. The rata of 
deceleration of bach spool 16 and the bait or Ime-and lino is subsiaintiaily the same until Thoe 
T3 cane^oztding to point 162. At Time T?, the overall velocity of the bait or hnc and line 
fas indicated by line 154) begins decelerating at an increased rate due to the Hnear or 
horizontal componenr of the overall velocity of the bait or fajre and line substantially 
^>proad]ing zero. However, at the same time, spool 16 dec^emes at a substanttaUy constant 
rate. a result, the bait or lure and line decelerates at a much gneater rate than tiie 
deceleration rate of spool 16. This resulting difference betureen the rotational vebcities of 
spool 16 and the bait or lure and line is indicated by the separation of lines 150 and 154 oiter 
Time 13. Because spool 16 continues to release 6shing line at a rate much greater than 
demanded by the decelerating bait or lure, excess iishing line or backing builds up afaovt reel 
10. 

At Time T4, corresponding to point 162, the bait or luxe and line hits the water 
and its.overall v^ocity becomes 2ero. Even after the velocity of the bait or lure and line 
becomes zero due to ihe bait or lure hitting the water, spool 16 eositmues to rotaice. 

<?2 
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FIGURE 6 graphically iUiistTBtes backlash prevention system 12 controlfing the 
applicadcn of braking force by braking mechanism 46 to spool 16 over time during the cast 
illusrmted in RGURE S, As shown by FIGURE 6, dcpressmcnt of clutch lever 30 (shown in 
FIGURE 1) disengages clitcch 26 in a conventionally known manner and actuates backiasix 
prevention system 12. As shown by FIGURE 6, upon the actuation of badda^h pxeveaiion 
systcxa 12 at Time TO, micrDprocessor 44 serves as a switch by elecctically covplinB at least 
one of members 66-60 across resistor 84 such that braking mechanism 46 applies a braking 
force Fl to spool 16. In the exemplaiy process illu^atcd, microprocessor 44 electrieaUy 
couples a single member 68 across resistor 84 to catsse braking mechanism 46 to apply a 
relacively small brakins force Fl to spool 16. Braking mechanism 46 ^plies braking force 
Fl to spool 16 from Time TO to prefoably Time Tl at which point the velocity of spool 16 
and the velocity of the bait or lure and line naturally become equal to one another. 

La lieo of automatically accuating braking mechanissm 46 to apply braking foice 
Fl to spool 16 in req>onse to depressment of chitch lever 3(X microproceaaar 44 may 
aUernatively initially actuate braking mechanism 46 to apply an initial braking force Fl to 
^Toot 16 a short time following the start of the cast and prior to Time Tl. For example, 
mjcroprocessor 44 may aliemaxively acniaie braking mechanism 46 m response to receiving 
spool rotatioQ signals from sensor 40 that indicate that spool 16 is rotating with a 
predetermined rotational velocity value or afler a preselected period of time lias elapsed 
following the time at which micropioeessor 44 first receives signals fiom sensor 40 indicating 
that spool 16 has begim rotatiog. 

To approximate Time Tl at ^vfaich point the velocity of spool 16 and the 
velocity of the bait or lure and line become equal, microprcKiessor 44 is preprogranmied or 
prcconfigured to electrically de-^ouplc any and all of members 66-SO from across resistor 84 
amomaiically in re^ionse to receiving spool rotation signalis from sensor 40 that indicate that 
spool 16 is rotating ^ith a predetermined rotational velocity value, for example, 200 
revoliitioDS per minute. Microprocessor 44 is preferably prepragranuaed or preconfigured to 
provide the user with a choice of a plurality of preset rotational velocity values which the user 
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may scleci depending upon che user's skill level or the user's anticipated casting fince €s- tfae 
panicular casting cooditions, all of which may afTect the actual value of Tixat TI. 
Altcrastiveiy, micropToccssor 44 may be preprogrammed or preconfigured to electrically de- 
couple members 68-20 from across icsisior 94 after a predefined mount of time has lapsed 
since Time TO. Once ftgain^ microprocessor 44 is preferably preprogrammed or precoofigtired 
to atlour the user to choose from amongst several preset lime values. Once microproccsaar 44 
electzicalty de-GoupIes each of membcn 68-80 from across resistor 84 at Time Tl, spool 16 ta 
pennitted to freely rotate. 

From Time TO when clutch lever 30 is depressed imtil at least afrer Tioie T4 
when clutch lever 30 is released to couple spool 16 to crank haxtdle 22 and the spool drive 
means, sensor 40 connnuousiy senses Che rotation of spool \6 and generates spool rotafim 
signals which are transmitted Co micFoptx)ces£or 44. Sensor 40 preferably continuous 
generates spaoi rotation signals and transmits the signals to microprocessor 44. 
Micrcproeessor 44 receives and counts the spool lotalion signals from sensor 40 at picsekcted 
intervals, for example, 100 times a second. £n a preferred ttnbodimem, microprocesaor 44 
digitizes die analog signals received finm sensor 40. Once digitized, microprocessor 44 can 
calculate the number of zero crossings of the signals, each zero-crossing rq>resenting a switch 
at sensor 40 from one pole of mzgpet 16 to the other pole of magnet 16. Microptoce^r 44 
counts the number of zero-crossings over a ^lecified time interval to detenntne the rotational 
velocity of spool 16. Each ame microprocessor 44 calculates a rotationai velocity, 
microprocessor 44 stores this velocity and compares it to the previously recorded rotatiotial 
velocity to determine a rate of acceleiation or deceleration. Over time, the microprocessor 
continuously calculates, compaares> calculates^ compazea and so on. As a xcsolt, 
mieroproeessor 44 determines the rate of acceleration and deceleration of spool 16 from Time 
TO to when clutch lever 30 is released. In addition, microprocessor 44 is also able to 
determine a maximum rotational velocity of spool 16 and the time (Time T2) at which spool 
16 has a maximum rotational velocity. This maximum rotational vekscity ia identified vfh^n 
microprocessor 44 first calculates a deceleration in xeeeivcs and counts fewer spool rotational 
velocity at a preselected interval of citne as compared to the number of aignaU received during 
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the preceding inierval of time. As can be apprcdaied, microprocessor 44 may be configured 
or pr^rogranuned to require grtater than one successive lixne iatcivdl having a decreased 
velocky before ideniifying the maximmn rotational velocity of spool 16 and Time T2 to avoid 
ixiiscaicuUtions due to electronic ooise or otherwise. 



A5 diown by FIGURE 6, once micioprocessGr 44 detcntthies thai Sjpool 15 las 
atCaiacd a znaxtmom rotational ireiocicy at Time T2 (the peak time), microprocessor 44 
generates a bnUdng signal to actuate braking mechanism 46 at Time TA following Time T2. 
In the exemplary embodiment of braking mechanism 46 disclosed, micropiocessor 44 once 
again acis as an electrical switch by elcetncally coupling at least oste of membets 66-SO acvoss 
electrical resistor 84 to cause braking mechanism 4$ to apply a biafcxng force to spool 16. in 
the preferred pxocess illustrated, microprocessor 44 electrically couples a single 
electrocondudive member 68 across resistor S4 such that braldng mechatiism 46 ^lies 
braking force FX to spool 16. Because micio{xocessor 44 actuates braking mechanism 46 to 
apply a braikixig force to spool 16 after the pealc time (Time T2) arid aAer spool 16 has 
attained- a maximum rtuatioftal velocity (as indicated hy poiot 158)» baekUtffa prevention 
system 12 does not reduce the velocity of spool 16 and the substantially identzcat veloci^ of 
the bait or lure and line at the peak time. Thus, system 12 does not reduce castijig distaticc. 

Moreover, as shown by FIGUILE 5, the difference between the rocatiooal 
velocity of spool 16 and the velocity of the bait or lure and iioe aUcr tiie peak time (Time 
T2) is aibstamially zero. This diffcronce between the velocity of ^ool 16 and the velocity of 
70 the bait or lure and line constantly increases after the peak time unless appropriately 
braked.! As shown by FIGURE 6, microprocessor 44 accordixigly increases the braking force 
applied to spool 16 aiter the peak time (Tune T2) such that the rotational velocity of spool 16 
equals the velocity of the bait or lure and line to prcrvcnt baddash- In particular, 
microprocessor 44 continues acting as a switch by electrically coupling an increasing number 
of membexs 66*80 across resistor 84 as the sensed rotaiiozial velocity of spool 16 dcaeases. 
la the exemplaEy process illustzaied in FIGURE 6. micFoprcKsessor 44 eleetricaUy eouplea a 
second member 70 across resistor S4 in response to receiving approximately ten percent fewer 
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zero-crossinsft from sensor 40 as compared co a maximian number of zefo-crossin^ soised by 
micropcocessor 44 during a panicular time interval. In other words, microprocessor 44 
elcctricafly couples second member 70 across rcsiscor B4 when the rotatioiial velocity of spool 
16 is 90% of the previously identified maximum rotatiociai velocity of spool 16. As a result, 
at Time TB, mechanism 46 applies a larger bralcmB force F2 to spool 16. In response to 
receiving 40% fewer zero-crossings firovn sensor 40, micTOprocessor 44 olectrieally couples 
third and fovnh members 72 and 74 across rcsivtor 64 to tppiy e larger broking force F3. la 
other words> microprocessor 44 electrically couples members 72 and 74 across resistor £4 at 
Time TC when spool 16 has a rotational velocity 60% that of the earlier identified maximum 
ratarionat velocity of spool Id during ihe cast. Finally, in response io rcoeiving 70% fewer 
zero-crossings during a panicular time interval as compared id the maximum number of zero- 
crossLDgs received during a particular time interval of the cast, inicroprocessor 44 electrically 
couples four additional members 76 » 7S, SO and 66 across resistor S4 to apply a larger braking 
£brce F4. In other words, microprocessor 44 electrically couples four additional members 76» 
78, 80 and 66 across resistor 84 at Time TD when spool 16 has a rotational velocity 30% lhat 
of its earlier identified maximum rotatitmai velocity. In this particular case, mscroproccssor 
44 electrically couples etectroconductive member 66 across resistor 84 such ttm member 66 
serves as both counter for sensor 40 and a braking component of braldng mechanism 46. 

Thus, as shown by FIGURE 6, once the maximum rotationa] velocicy of spool 
16 has been identified by microprocessor 44, microprocessor 44 actuates braldng mechanism 
46 to discretely step up the amotrnt of braking £:>rce applied by braking mechanism 46 to 
spool 16. Microprocessor 44 controls braking mechanism 46 such thai braldng mechanism 46 
applies braking force to spool 16 at times and in amouiits to approximate the ideal braking 
force over time as indicated by tine 166. To better approximate the ideal braking force over 
time as shown by line 166, braking mechanism 46 may include additional electroconductive 
members similar to menobers 66* 8G within the magnetic field of magnet 60, may include 
additional resistors 84 or may include a variable resistance device such as a potentiometer or 
transistor which would allow microproeessor 44 to control braking mechanism 46 to increase 
Che brddng force applied lo spool 16 in smaller Increments. 



SCX3CID: <JP_41 1 332436A_J_> 



(60) 1 1-332436 

Because microprocessor 44 controls hraldns mechanic 46 to actuate bnldng 
mechanisrxi 46 and to increase ihc braking force applied by brtJdng mecfaamam 46 based 
solely upon sensed attributes of ehe particuiar case namely, a mffldxnuia rotational velocity of 
spool 1 6 during the cast and the panicttiar sensed rotational velocities of spool 16 which 
occur thereafter during the same cast, baddaih prevendon system 12 applies an appropriate 
amount of braking force to qwol 16 such Aat spool 16 lotaccs with the same vetocity as the 
vdtunty of the bait or lure and line regardless of the change in velocity of the bait or 2iire and 
Cine ovAT time (i.e. regardless of The shape, jnagninide or slope of line 154 thoym in 
FIGURES 5 and 6). For example, if the bail or lure and line hits a tree or other obstacle^ (he 
velocity of the bait or lure and line will immediately decelerate. As a result, oiiI«&b 
appropriately braked, spool 16 will continue to rotate releasing excess line which may resaft 
in backlash. Backlash prevention system 12 senses the deceleration and wilj antomatLCaUy 
actuate braking mechanism 46 to brake the rotation of spool 16, The faster that the bait or 
lure and line decelerates, the faster the backlash prevention system 12 vatl increase the 
braking force applied to spool 16 by braking mechanism 46. The same holds trae vrhcn the 
bait or luie is cast against a strong wind or conversely when the bait or Jure and line is cast 
with a straas wind. Ukewise, backlash prcvesiion system 12 automatically ada^yts to 
variations in the maximum lotatictiai velocity of spool 16 due to a heavier or lighter bait or 
lure and line or due to a stronger or weaker cast of the bait or fane atvi Une by the user. 
Although backlash prevention system 12 automatically adapts to varying casting cotxixtions, 
varying equipnwnt and varymg users (because backlash prevention system 12 relics solely 
upon sensed infoTmsaon regarding the rotation of spool 16), the ojHimum amount of braking 
force as well as the predsc liming of the application of the braking force to spool 16 will still 
vary to some extent depending upon the enviromoeatal casting conditions as well as the 
wei^ of the equipment such as the wet^ of the spool, the bait or lure and the fishing line. 

FIGXJRB 7 illustrates backlash prevention system 212, an altemadve 
embodiment of backlash prevennon system 12, Backlash prevention aysram 212 geoemUy 
inctudea sensor 240, digital controUer 244, brakixig mechanism 246, capacitor 248 and battery 
250. Sensor 240 is located and configured to sense ratatton of apool 16 and to generate 
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signals representing rotation of spool 16. over time. In ihc exemplary cmbodimcsnl mu5tiatc<l, 
sensor 240 comprises a multiple pole magnet 260 coupled to spgol 16 ftar roiaiion with epool 
16 and HiilJ Effect sensor element 265 supported within the maenctic field of nwgnct 60. 
Hall EflEect sensor clemcni 265 is conventionally known and is electrically powered by battery 
250. Hall Effect sensor clement 265 creates & digital signal La a conventionally Icnown 
manner in response to the changing magnetic field of magnet 260 as spool 16 rotates. The 
digital signal, representing rotation of spool 16. is transmitted to digital controller 244 by 
conductive lead 267. 

Digital controller 244 comprises a conventionally known processor chip 
supported vKthin reel 10 and operably connected to clutch 26, Hzll EfiTect seasor elezneoc 265 
and brafdng mechanism 246. Digital controller 244 Is actuated upon disengagement of dutch 
26. Altcmadvely, digital controller 244 or sensor 240 may be selecdvely actuated by otfasr 
buttons or s^chcs. Digital controller' 244 acts as a couoter, a dmer, a memory device, a 
comparator, and a controller Severing as a counter and a timer, digital controller 244 
continuoasly couzics the number of digital pulses received fiom rasor 240 during 
predetermined time inten/als. Serving as a memory device, dlffM comroiler 244 stores car 
records the rotational velocity of spool 16 for each time intervals Serving as a comparator, 
digital Controller 244 compares the rotatiozml velocity of spool 16 during each consecmive 
time interval to identily a maximum rotational velocity of spool 16 during a cast and to 
identify a peak time at which spool 16 rotates with a maximum rotational velocity. Servins 
as a controUcr. microptocessor actuates braking mechanism 246 basoi upon the idcndiied 
peak time at a point in time following ihc identified peak thne. In the particular embodiment 
illustrated, digital controller 244 transmits a ccmtrol voltage to brake mechanism 246 via 
conductor 269. This control voltage serves as a braking signal which controls the anmunr of 
braking force applied by braking mechanism 246. 

Braking mechanism 246 applies the braking force to ^ool 16 to slow rotation 
of spool 16 in response to braking signals &om digital controller 244. In the embodiment 
(lluscrarcd» braJdng mccham'sm 246 includes magnet 260, electroconducdve members 26S» 
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rectifier bridge 270 and transistor 272. Magnet 260 prcfer^ly comprises a pennaaent muW- 
pole magnet coupled to spool 1 6 for rotation with spool 1 6, Magaei 260 provides a magoedc 
field. Altcmaiivcty, separate and distinct magnets may be individually provided for sensor 
240 and braking mechanism 246. 

Eleciroconductive members 268 arc made from an eleetrocondactivc xnsterial 
and arc supported adjacent to spool 16 withio the magnetic field of magnec 260, 
Electroconduceive meffibcrs 26S are preferably noiv-iiiagiietic so as to avoid the creation of 
eddy currents whieh would continually and uncontrollably brake spool 16. Electrocondiictive 
members 268 preferably comprise copper coils or windings equidistanUy Spaced and 
ciTcomfarentially distributed about spool 16 and magnet 260. Braking mechanism 146 
preferably includes eight members 25S pasidoned about spool 16. Electioeonductive 
members 26£ aic electrically coupled in parallel to rectifier bridge 270 via conducive leads 
271, 

Rectif3er bridge 270 is convcniionaQ/ known and is electricaUy co^pied to 
transistor 272 via conductive leads 273. Rectifier bridge 270 converts an alternating cuireni 
received* via leads 271 to a direct current which is transmitted to transistor 272. Capacitor 
248 comprises a conventionally known capacitor electrically coupled between leads 273. 
Capacitor 24& smoothes current peala or floetuations. 

Tnmsistor 272 transmics electrical current through a semiconductive resistance 
which varies based upon control voltage signals received from digital conoollcr 244. 
Transistor 272 preferably has a semiconducttve electrical resistance which varies team an 
extremely Urge amount such as one megotam to a relatively small amount such as 100 cbms 
or less. la the exemplary embodi meat, transistor 272 comprises a conventionally known 
bipolar junction transistor. Alternatively, transistor 272 may cotnprise other conventioiially 
known power semiconductor devices which transmit an electrical current acro&s a varying 
resistance based upon an electrical control signal such as MOS F£T, ICTT, MOT and aflieon 
carbide -power semiconductor devices. As wjU be appreciated, rectifier btxdge 270 may be 

3f 



3DOCID: <JP«41133243eA_J_> 



(63) mm^l 1-332436 



omitted if transistor 272 comprises a MOS FET power wamconductor device oi rimilar 
devices which bi-directional (y conduct currenc. 



Backlash prevention system 212 functions as folloTvs. Upon Ihe depre^smeat of 
ctufcfi 20» digital controller 244 is actuated. Once the fiskung line is cast, spool 16 and 
magnet 260 loiaic to creaie a consianily changing magnetic field throu£;h members 268, Una 
change in magnetic field in lum induces an alternating electrical cuireat iwhich is transmitted 
to xecdner bridge 270 by leads 271. Rectifier bridge 270 converts the alxemating current into 
a direct current which is transmicted to transistor 272 by leads 273. Depending upon Che 
sensed rotaiional velocity of spool 16 as sensed fay sensor 240, digital controller 244 generates 
a control voltage signal which is transmitted to transistor 272 via conductive lead 269. The 
control voltage signal transmitted to traasistor 272 vnU vaiy the electrical resistance of 
tratisifitor 272 to correspondingly vary the load or braldng force applied to spool 16 and 
magnet 260 by members 263. In particular^ as the resistance of transistor 272 is reduced by 
digital controller 244, the braking force applied to spool 16 by braking mechanism 246 
increases. Conversely, as the electrical resistance of transistor 272 is increased by digital 
controller 244, the braking force applied to spool 16 by braking mechanism 246 decreases. 
This electrical resistance of transistor 272 is controlled by digitai controller 244 by selccCively 
applying di/fereot control volr^es to transistor 272. As a result, based upon the control 
voltages transmitted to transistor 272 via conducdve lead 269, digiit&l controller 244 may 
selectively brake the rotation of spool 16 as well as selectively increase or decrease the 
braking force applied to spool 16 by braldng mechanism 246 based upon the sensed rotatianai 
velocity of spool 16. 

In the exemplary embodiment illustrated, digital controller 244 is configured to 
control braking mechanism 246 such that brakixig mechanism applies a braldng force to spool 
16 based upon the sensed velocity of spool 16 accordmg to the relatinnabip iliustcated in 
FIGURB 6. In particular, microprocessor 242 transmits a varying control voltage to transistor 
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272 to coifTespojtdingly v»y the resisiaru:e of transistor 272 such fiat fnaking mechaiusm 246 
applies an mtial braking force Ft until time Tl at which point in tztae digital controller 244 
transmits a control voltage lo transistor 272 such that the electric^ resistance of transistor 272 
is suiBciently high enough such that braking force created by braking mechanism 246 is 
approximately zero. Once the maximum rotational velocity of spool 16 haa been idendncd aa 
indicaied by point 158 at time T2» digital conuoller 244 wifl once again transmit & control 
voltage to transisror 272 such that braking mechanism 246 applies a bmking force Fl to spool 
16. As digital controller 244 receives signals from sensor element 265 indicating the reduced 
rotational velocity of spool 16, digitaJ controller 244 will continuously vary ^ control 
voltage transmitted to transistor 272 such thai braking mechanism 246 will apply an 
Increasing braking force to spool 16. By transmiiting a cootinuously changing oonttol vohagc 
to transistor 272 to correspondingly reduce the electrical resistance of transistor 272» digital 
controller 244 gradually and smoothly increases the braking force applied to spool 16 as 
shown by line 166 in FIGURE 6. As will appreciated* digital controller 244 may be 
pxogramxned or configured co cause braking mechanism 246 to apply different bcftloDg forces 
at different times to qxx>l 16. 

In lieu of transmitting a constantly vaiying control voltage to transistor 272 to 
vary the braking force applied to spool 16 by braking mcchanjOT 246, digital controncr 244 
may altismadvely include a pulsc-widdi modulator configured such that digital controller 244 
crananits pulse-width modulated vohage control signals to transistor 272 to vaiy the braking 
force applied by braking mechanism 242 to spool 16. 

FIOURE 8 is a schematic view illustrating backlash prevcntioa system 312, a 
third embodiment of backla^ prevention system J 2. Backlash prevention system 3 12 
includes semor 340, digital controller 344, braking mechanian 346, capacitor 348, and battery 
350. Sensor 340 is tocated and configured to sense cotadon of ^ool 16 and to generate 
signals' representing rotation of spool 16 over time. Sensor 340 is similar to sensor 40 
iliostrated in FIGURE 2 except chat sensor 340 utilizes each of a plurality of 
eleetroconductive members 268 electrically coupled in series about spool 16 and magnet 260 
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to generate signals representing the rotation of spool \6, Electrical resistor 370 is electrically 
coupled in parallel witb members 2$S and pieferabJy has a tcsiscance hr^ enough a) as to 
crcaie a de miiumis loading^ on spoo) 1 6 by members 26$- Id the exemplary embodimeot 
tllusirated. resisw 370 preferably has a resistaiKe of approximately one megohm. Because 
members 268 are elecuically coupled in series with one another, (he voltage induced aczoss 
resistor 370 by the rotation of spool 16 and magnet 260 adjacent members 268 is lai^cr. 
AJttfrttatively, members 26S may be cieccncally coi^jicd in (urEUel with one another {similar 
to thai ^howij in FIGUM 7) such that the voltage induced across resistor 370 is smaller. 
This sinusoidal voUage or aijiplitude across tcsifitor 370 is sensed to produce a signal vvhich is 
utilized by digital conuoller 344 to continuously identic the rotational velocity of spool 16 
over xirnc. 

Digital controller 344 preferably con^riscs a coirventionally known processor 
element or chip supported within reel lO and opcrably connected, to sensor 40 and braking 
mechanism 46- EHgital controller 344 is powered by battery 350. Digital conrroUer 344 
actuates brakictg mechanism 346 hosed itpan signais from sensor 340. DigfKBi conHoUer 344 
acts as a timer, a msmoiy storage device, a coir^ator, and a conuoller. As will be 
appreciated, each of thcac functions provided by digital controller 344 may alternatively be 
provid«sd by multiple microprocessor chips as wcU as by other well known discrete electrical 
components which provide the same individual functions alone or in combinatian. 

To identify the rotational velocity of spool 16, digital controller 344 ia 
electrically coupled to members 268 in parallel with resistor 370. Digital controller 344 
continuously senses the voltage across resistor 374 to continuously dderraiae the rotational 
velocity of spool 16 over time. In the exemplary emfaodimeni illustrated, digitel conlroiler 
344 includes a convcntionaJJy jcnown voJi merer. AJtemativeJy, digital coiaroner344 may 
comprise other well known voltage sensing devices. Moreover, digital controller 344 may 
alternatively be configured to sense che ampUtnde of the voltage signal across resistor 374 so 
as to conUnuously detcimirc the rotational velocity of spool 16 over time, Fmthermorc, in 
lieu of detecting the voltage or ampUtude across rsastor 370^ dcgr(a2 eonmller 344 may 
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altemarively be configured to sense and count the Aequtfncy of ctectricaJ pulses in^oced 
across resistor 370 spool 16 and Mgncr 260 rotate relative to members In such an 
alternative amneement. digital controller 344 would preferably include a signal conditiodag 
mechanism such as an analog to digital converter for oonvertine the sinusoidal electrical 
pulses across resistor 370 into digital square vraves to facilitate improved counting of Ihe 
pulses. 

As the rotational velocity .of spool 16 is continuously identified by digital 
contto]ler'344t digital controller 344 also serves as a timer and a memory storage device by 
storing data representing the rotational velocity of spool 16 for each predeteimined time 
interval during a particular cast. This stored value representing the roiacional veloci^ of 
spoo] 16 cocnpnses die particular voltage value induced across resistor 370 during the 
particuiar tinie interval. As noted above, this stored value may aUemattvely comprise the 
sensed frequency or the sensed amplitude across resistor 370 during tiie time intervaL 

Serving as a coinpanttor^ digital controUer 344 compares the rototionai velocity 
of spoo] 16 during each consecutive time imcnral to identifir a maximunEi rotational velocity of 
spool 16 during a cast and to identi^^ a peak time ai which spool 16 routes with the 
tnaximmn rotational velocdty. Serving. as a controller, dtgitai controller 344 actuates braking 
mechanic 346 based upon the idetitiiiad p^ak time at a point in time following the identified 
peak time. Digital controller 344 also actuates braking mechanism 346 based upon the 
identified maximum rotational veloci^ of spool 16. In the exenoplazy embodiment, digital 
controller 344 includes a coirventtonally known pulse-width modulator which transmits 
varying controlled clecuical pulses to braking mechanism 546 to control the amount of 
braking applied by braking mechanism 346. 

Braking mechanism 346 is identical to braking mechanism 246 except ihat the 
electroconductive members 26S are electrically coupled in series v^ith one another. As a 
result, the voltage induced by the rotation of spool 16 aod ma^et 260 relative to members 
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268 is larger. For ease of descnpuon, those remsmmg clomcnis of braking mechamsza 346 
correspondma to similar elemenis of braking mechanism 246 are numbered sunilariy- 

Backlash preveiuion system 3 12 funaions as follows. Upon Uie depressmenc of 
clutch 26, aigical controller 344. is actuated. Once the fishing line is casc« spool 16 and 
magnet 260 will xotace to create a constantly changing magnetic field thnmgji members 26S. 
This change in magncttc Held will tn turn induce an aftemating electrical cixiient which (S 
traasmincd to reciiiicr bridge 270 by leads 271, Rectifier bridge 270 converts the alternating 
ci]rrent into a direct current which is uansmiited to transistor 272 fay leads 273. Depending 
upon the rotational velocity of spool 16, digital coniroUer 344 generates a pulse-width 
modulated control voltage signal which is transmincd to transistor 272 by cotiducttve lead 
269, The frequency and width of the i^olUge pulses nansmitted to transistor 272 will vary the 
electricaJ resistance of transistor 272 lo correspondingly vary load or braldng force applied to 
spool l^ and magnet 260 by rncmbers 26&. The control voltage signal tras£mitted to 
transistor 272 is such that transistor 272 will have an electrical resistance small enough so as 
to substantially brake the rotation of spool 16, By varying ibe frequency or length of tme 
duriufi which transistor 272 rccciYCs this voltage control signaL distal controller 344 
ccnrcspoQdingly varies the braking of spool 16. For example, to increase the braking force 
applied to spool 16, digital controller 344 adjusts die puise-width moduiaied volUge control 
signal such that transistor 272 receivea the eonool voltage ten percent of the ttme instead of 
five percent of the time. As a resutt, btaldng meehanisnz J4^ brakes spool \6 ten percent of 
the time rather than five percent of the time. Conversely, digital controller 344 may also 
reduce the amount of braking applied to spool 16 in a stinilar fasfaicm. 

FIGUKES 9 and 10 illustrate backlash prevention system 412, a fourth 
cmbodiineni of backlash prevention system 112. FIGURE 9 is a schematic view illiistrating 
backlash prevention system 412 while FIGURE 10 is a graph illustrating backlash prevenaon 
system 412 controlling the application of braking force to the spool 16 (shown in FIGURE 8}. 
Backlash prevention system 412 generally includes sensor 440, rectifier 442, analog eontcoller 
444, and braking nieehanism 446. Sensor 440 comprises nttldple pole magitet 260 cotxpJed to 
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spool I6'0nd a plurality eiectroconductive mfimbers 268 wiihin a m&gnedc iitki of magaiex 
260, Eleclroconductive members 268 are el6titricaJ2y coupkd in series with one aaoehcr to 
rectifier bridge 442 via electrical leads 271. Rotation of spool 16 axxd nugnet 260 induces aa 
altCTDating electrical current within elcctroconductive members 268 prcsportionai to the 
rotational velocity of spool 16. Rectifier 442 converts the alternating current into a direct 
cuireni in a conventionally knoisvn manner. Rectifier 442 may include a iull-wave bridge 
rectifier comprising diodes, a capacitor, a resisior and/or other eJectncal componms known in 
the art. The alternating cturent transmitted into rectifier 442 as well as the direct carrcnt 
ootput from rectifier bridge 442 both constimte signals representing the rotational velocity of 
spool 16/ This direct current is vansriiitted to analog controller 444 via electrical leads 447. 

Analog eontroJler 444 pcrfonns many of (he same functions as microprocessors 
44, 244 and 344. Analog controller 444 generally mcludes diode 450» capacitor 452« resistors 
454, 436» ccmparaior 458, capacitor 460 and rcsiaors 462. 464. First, analog controller 444 
identifies a peak time a which spool 16 has & maximnm lotatioaai velocity. In the exempiaiy 
cmbodimenc, analog controller 444 uciiizes a diode 450 and a capacitor 452 to ideniify the 
maximum ratadoofll velocity of spool 16. When spool 16 begins rotating rectifier 442 
generates a small positive voltage across leads 447. This voltage enables diode 450 to conduct 
current' from anode to cathode^ thereby charing capacitor 452. As ihc velocity of spool 16 
increases, diode 450 continues to conduct electrical current to capacitor 452 such that the 
voltage across capacitor 452 cominues to increase. When spool 16 reaches a mATflmmw 
rotational velocity and starts decelerating* the voltage across leads 447 will decrease. Because 
the potential at the cathode of the diode is held substantially constant by capacitor 452, a drop 
in potential at the anode of the diode causes the diode to stop conducting currexU to capacitor 
452. The maximum voltage obtained across capacitor 452 is proportiosai to and represents 
the maximum rotational velocity of spool 16 during a casL Thus, diode 450 and capacitor 
452 store a voltage representing the maximum rotational velocity of spool 16 during the casL 
The maximum obtained voltage of capacitor 452 is transmit&ed to compacator 45g. 
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Second, analog contioUer 444 accoates btaking mechanism 44^ after the 
maxiniuni rotatioiiaC velocity of spool 16 has been idcanfiodt add after jpooJ 16 has ahcady 
begun dccelcrsting, lo tJje exemplary embodiment, analog controller 444 actuates braking 
mechanism 446 in response (o receiving signals from sensor 440 indicacing thai spool 16 bas 
a n>cationa] velocity cq\ial to a preselected percentage of the previously identified maximum 
rot3.ttonaL velocity of spool 16 during the cast. To this end, analog controller 444 includes 
resistors 454, 456 and eonspararor 4i£. Resistors 454 and 456 are eleeiricaljy coupled in 
parallel with capacitor 452 vrich their common node coi^led to pin two of compaiator 45S. 
Resistor 454 preferably has a fixed electrical resistance while resistor 456 preferably has a 
controllable variable renstancc. Resistors 454 and 456 define a "trigger point*' (TP) at winch 
analog coruroller 444 actuates braking mechanism 446. Szk particular, the TP as a percentage 
of die maxunum voltage across c^acitor 452 is ddSned by the followii^ equation: 

where is the re^siancc of resistor 454 and Ri is the resistance of resistor 456, The TP can 
be adjusted by corurollably adjusting the electrical resistance of resistor 456. Altexnatively, 
the electrical resistance of resistor 456 may be selectively varied fay another oontoiier, such 9S 
a microprocessor. Moreover^ resistors 454 and 456 sinqdy have a predetemuned 
electrical resistance. 

Coirrparator 45S comprises a convendonally known comparator C0Tnpone&t» 
such OS a convenrionaliy known LM3t I. id the exemplary ecibodanenr in whkh the IM3] 1 
compararor is utilized, the electrical voltage of across capacitor 452 is input via pin zn&nbcr 
eight of coiiqjarator 458» the preset trigger percentage level from resistors 454 and 456 is 
input via pin number two. the DC voltage representing rotational velocity at any given time is 
input via pia number three, the output current is transmiired across ptn number seven while 
pin numbers one and four are connected to ground. In a coiyvendonaJly Imowji maimer, 
comparator 458 generates electrical current at pin number seven to ectuate braking mecbanism 
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446 in response to the electrical volugc tx pin ei^ being equal to or less ihaa the TP 
petceniage of the maximum voltage siored at capacitor 452. The eleeiric&l cazreat gamtcd 
at pin number seven of coniparafor 458 acts as a bTaking agnal from analog controttcr 444 to 
braking mechanistn 446. 

Third, analog controller 444 controls braking mechaxum 446 such Ihai bnldng 
mechanism 446 applies an increasing braidiig force to spool 16 in response to aignala from 
sensor 440 indicating thai spool 16 has a decreasing routional velocity. In Che exemplary 
embodiment, this is achieved using capacitor 460 and lesistors 464. 462, As discussed above, 
once die electxical voltage at pin three (representing the actual rotational vetodty of spool 16 
dunng the cast) has decreased to a preselected percentage of the voltage acnifis capadtor 452 
at pi'n eight (representing the rtiaxksnam rotational velocity of ^ool 16 duiiag the cast), 
comparator 4S8 generates electrical cwcnt at pin number seven, through resistor 464 to 
capacitor 460. As capacitor 460 charges, the electrical voltage across capacitor 460 hxxeases. 
This electrical voltage across capacitor 460 i& transmitted to braking tnechanism 446. The 
increasing voltage across capacitor 460 causes brakizig mecham'sm 446 tfaxoagb resistor 46Z to 
increasingly brake spool 16. Hie braking force applied bralcing mechanisiXL 446 is 
propoTtioiva) to the potential applied to braking mechanism 446. la the exetnplazy 
embodiment illustrated, resistor 462 has a fixed re^stance while resistor 4S4 has a variable 
resistance. Adi'QSting the resistance of resistor 464, preferably a potentionneter, adjusts the 
rale at which analog controUcr 444 controls braJdng mechanisu 446 to increase the bFaldng 
force a^splied to spool 16 in response to detected deceleradon of spool 16. The greater the 
resisiance of resistor 4, the slower the charge of c^acitor 460 and, therefore; the slower the 
rate ai which the hralcing force increases. The electrical resistance of resistor 464 is 
preferably manually adjustable. AUentauvcIy, the electrical resistance of resistor 464 may be 
seiecuvely varied by another controller, snch as a micrt^ocessor. Alternatively, resistors 462 
and 464 may simply have a predetemijned electrical resistance. 

Bralong mechanism 44j6 is sobstanttally identical to brakhig mechanSsm 246 
except that braking mechanism 446 omits a dedicated tecrifier bridge since the initial 
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aitemaiing current finom sensor 440 has already been converted to a direct emreni by rectiSer 
442. Braking mechanism 4^6 includes magnet 2(>0, eieccroconductivc mernbors 258 md 
truisistor 272, in^ch have previous^ been described with respect to backlash preventiQii 
syslcna 212 illustrated in FIGURE 7. 

WHi reference to FIGURES 9 and 10» backla^ preveation syston 412 
fimctions as follows. Dcpressmcsc of tlutch 26 actives switch 470 to actuate backlash 
prevention system 412. Switch 470 may compcise either a mechanical or a solid state 
electronic switch. Once the fishing line is cast, spool 16 and magnet 260 rotate to create a 
constaniiy changing magnetic field throiigh members 268. This change in magnetic field in 
turn induces an altematlns current through members 2cS« which is transmitted to rectifier 
bridge 442 via leads 271 Rectifier bridge 442 converts the altcmaiing current into a direct 
ciuTcnt which is iransraittcd to comparator 458 and diode 450. Acceleradon of spool 16 
induces a coiuinually increasing electrical current which is traxismitted through diode 450 to 
capacitor 452. As a result, the voltage across capacitor 452 also increases. Once spool 15 
has reached a n^xjjnum rotational velocii^ as indicated by point 472 ui FZOURE 10, spool 16 
will begin to decelerate which causes the elecirical coircnt induced in members 2eS8 to 
decrease. In response to the decreasing electrical current received from sensor 440. diode 450 
ceases conducting additional electrical current to capacitor 452 such thai the electrical voltage 
across capacitor 452 remains substann'aliy constant thereafter. This electrical voltage across 
c^acitpt 452 is transmitted to pin number eight of comparator 458. The electrical amaa 
induced wiihin members 268 is constantly tratismitted to pin number three of con^>arejiflr 458. 
As shown by FIGURE lO, afier obuining a maximum rotational velocity as indicated at point 
472, spool 16 begins to decelerate. Once spool 16 has decelerated to a vclodcy such that the 
voltage at pin three is preselected percentage of the voltage across capadtor 452, comparacor 
458 generates electrical current at pin seven and passes this current to capacitor 460 and to 
transistor 272 to actuate braking mechanism 446. In the exemplary coafiguration of analog 
controller 444 which functions accordltlg CO FIGURE 10, analog controller 444 actuates 
braking mechanism 446 at time Tl m xcsponse to spool 16 having a rocational velocity 
approjdinatcly 90 pcrccni of its previous identified maximum rotational velocity. By varying 
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the electrical resistance of resistor 456, the trigger point TP may be adjusied anywhere within 
a langc extending from TP' for responding to 95 percent of the cnaxunum rotatioiul velocity 
of spool 16 to TP" corresponding to 80 percent of the aissdinum rotational velochy of ^ml 
16. As will be appreciated* this r^gc for adjusting the trigger point TP ai which controller 
444 initially actuates braking mechanism 446 may have vaiioua altemative upward and lower 
bounds a& desired, depending upon the resistances and variability chosen for resiston 454 and 

45(5. 

As shown by line 476, once braking mechanssm 446 is actuated at time Tl, 
controller 444 controls braking mechaaisnx 446 such that braking mechanism 446 applies a 
constantly increasing braking force to spool 16. In particular, as capacitor 460 charge*, the 
voltage across capacitor 460 increases. Tlus iocreastsg voltage whick is transznitied to 
transistor 272 reduces the electrical resistance provided by transistor 272 so as to incfeasingly 
brake spool 16. By varying the electricai resistance of resistor 464, the rate at which the 
braking force applied to £pool 16 is increased may be varied. For example, the rate of 
mcrcBse! of braking force applied by braking mechanisitt 446 may be reducad to that as shown 
by dashtline 47S or increased to that as shown by dasK Hna 480. 

Each of the above-described backlash prevention Bystctns 12, 212, 31 2^ and 412 
generate consecutive signals teprcsenting rotational velocity of the spool, compare the 
consecutive agnaib to ideadfy a peak time when the spool is rotating with, die msxiinmi 
velocity and apply a braking force to the ^oi after the peak time. Each of the backlash 
prevention systems apply an increasing braldng force to the spool as the rotational velocity of 
the spool decreases. As a result, each of the backlash prevention systems automatically adapt 
to varying casting conditions. Moreover^ each of the backlash prevention systems wchtdea a 
braking mechanisni which requires few, if any, moving parts, which is simple and easy to 
manufacture and which is contiollable. Although the electroconductive tnembers in each of 
backlash prevention systems 212, 312 and 412 have been Uluscratcd as encircling magnet 60 
and 260, magnet 260 may altctnaiively comprise a magnetic ring encircling the 
eJoctmconductive members. 
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Ai though bdcklash preveniion systems 212, 312 and 412 have each been 
ilKisirated as induduig a plurality of etectroconduetive txxembers comprising coHb wilfaxn 
the magnetic field of magnci 260> any of backk^h prevention systems 212, 312 and 412 tnay 
^temativ£iy include 2 single electxoconductive coil ecceniiically extending about mflgnet 260 
or non-concencrically extending within a magnetic ring. Fmthennoce^ although less desirable, 
(hfi alternative utilization of magnetic electroconductive members in pCaee of memben ^MQ 
and 268 is elso eontemplated within the spirit of the scope of Ust invention. 

Although backtash prevention systems 12, 212 and 312 have each been 
illustrated as indudiDg a microprocessor having a dmer and a memoiy storage device so as to 
provide a chgiital control system, backlash preveacbn systems i2» 212 and 312 nia.y 
alicrnatlvely comprise wholly analog systems or hybrids of analog and digital eontjol systems. 
For example, the microprocessors of systems 12, 212 and 312 may altemanvely be replaced 
with conventionally known analog components such as capacitois and the like which 
aitomaticaily trigger the braking of spool 16 after spool 16 has reached a maxxmnm lauiioQal 
vefocity. Systcois 212 and 3 12 may alteniativoly include a c^BCttor in place of ibc 
microprocessor. As spool 16 rotates, the capacitor is charged such that voltage actosa the 
capacitor is low. As the capacitor continues 10 charge, the resistance slowly increases. 
Consequently, the voltage across the capachor also increases. Once the voltage aeiosfi the 
capacitor reaches a predeiined level, this voltage triggers the transistor so as to tr^ger the 
braidng of spool 16, Preferably, the capacitor and transistor are configured so as to trigger 
the braking of spool 16 after spool 16 has reached die maxitnum rotational velocity. It is also 
conremplated that such an altecnattve analog system would additionally include a 
potentiotneter to adjust the sensitiviiy of the transistswr. For example, if the cast of fishing line 
is expected to be strong such that rotanonaJ velocity of ^ool 16 is aJso expected to be large, 
the transistor may be adjusted so as to trigger the braidng of spool 16 at a larger voltage. 
Conversely, if the cast is expected to be weak such that the rotational velocity of spool 16 is 
expected to he small, a potentiometer would be used to adjust the sensitivity of the transistor 
such that the braking of spoof 16 is triggered at a smaller voltage across the eapacttor. 
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Allhougil the present icivencioi) has bean described with refennce to prcfemd 
embodimenis, workers skilled in the art will recogmze that changes may b« made in fom and 
detail withoiit departing from the spirit and scope of the invcntioii. The picscm mvontion 
described with reference to the preferred embodiments and set forth in the following claims is 
manifestly intended to be as broad as possible. For example, tmless specifically otherwise 
noted, Oie claims reddng a single paidcular element also encompass a phurality of such 
panicular elements. 

4. Brief Description of Drawings 

Fig. I 15 a pcTspec^ye view of an exemplary Ashing reel iocliufing a baclclasb 
prevention system of the present invention. 

Fig. 2 is a schematic view tlliistrating the backlash prevention system of Pig. 1. 
Fig. 3 is a sectional view of the reel of Fig« 1 taken akmg fines 3 — 3. 
Fig. 4 is a sectional view of the reel of Ft^ 3 taken akmg lines 4 — 4. 

Fig. 5 is a graph of the spool and line speed over time during a topical cs»t of ) 
a bait or lure and line with the backlash prevention system MT^=^^twmff! 

Fig. d is a graph of the spool and Ihie speed over ^^^"^ doting the cast of Fig. 5 
with the backlash prevoition system of Figs. 1-4 actuated to apply a braking fbcce as also 
gF^hicaily xUustrated over nmc 

Fig. 7 is a schematic view illustrating a second embodiment of ihe backlash 
prevention system of Fig, 2. 

Fig. S is a schenoatic view ilhistraiing a thitd embodiment of the backlash 
prevention system of Fig. 2. 

Pig. 9 is a schematic view jllusiratisg a fourth embodimem of the Kjiririaqi^ 
prcvemion system of Fig. 2. 

Fig. 10 is a graph of spool speed and applied braking farce over time during a 
cast of the backlash prevention system of Fig. 9 actuated. 
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FIG. 6 TIME 
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FIG. 8 
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1. Abstract 

-ne fishing red indudea a fr«ne. a spool rotatably coupled to the frame, 
a sensor coupled to the Irane. a microp«>c«sor eoupled lo the sensor and a baking 
mechanism coupled to the frame. The se«or is configured to generate spool rotatioi* signala 
repnaenting rotation of the spool over lime. The microprocessor is eo^figured to co.i>pai« the 
spool rotation aignals to identify a peak time at which the spool has a maxiiamA rotational 
velocity and to generate abtaldng sigtuil after the peak time has been identified. The biating 
mechanism is configured to apply a brakine force to the spool to .low rotation of the spool m 
response lo the brating signal from the cnicroproeessor. The braking mechanism ptefetably 
inchides ai least one magnet having a magnetic fieU coupled to B first one of the fiame and 
the spool, ai least one eleem,conductive member coupled to a second one of the frame and the 
spool within (he magnetic field, and at least one electtical resistor eoupled to said at least one 
electroconducUvc member. The electrical resistor has a resistance sneh that relative 
movement of said at least one magnet and said of at least one electtoconductive member is 
retarded. The resistor preferably comprises an electiical component wherein rotation crftho 
spool electrically powers the dectiical component. 

2. Representative Drawing 

Fi& 2 
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